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Why Some Men 
STAY MARRIED 


TO WRENCHES 
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improved performance and minimum bulk 
make these nickel alloy steel Snap-on ratchet 
wrenches favorites throughout industry. 








All hand tools have to be able to take punishment, 
partly from their wide use by inexperienced op- 
erators and also because of the necessity of with- 
standing high unit stresses in normal services. 

Take ratchet wrenches for example . . . they are 
usually operated under heavy pull. The work- 
ing parts require good impact and fatigue prop- 
erties and must nevertheless be made from a 
readily machinable steel. In view of the thin sec- 
tions employed, the material must be relatively 
“foolproof” in heat treatment. Hence the frequent 
adoption of nickel alloy steels for wrench com- 
ponents. 

In the rachet wrenches shown above, designed 
and developed by SNAP-ON TOOLS CORPO- 
RATION, Kenosha, Wisc., nickel alloy steel 
Type 3250 provides not only essential toughness 
and strength...but also insures long-lasting 
hard edges on ratchet gears and pawls. 

Both improved performance and ready response 
to fabrication are derived from nickel alloy steels. 
PAWL BEING ASSEMBLED IN RATCHET HEAD. Use of nickel alloy : 
steel and extraordinary care in machining these parts, assure free : 
working action at all times. best types for your products or equipment. 


Write for our recommendations regarding the 


Over the years, Internationa! Nickel has accumulated a fund of useful informa > 





tion on the properties, treatment, fabrication and performance of engineering 








> EMBLEM OF SERVICE < alloy steels, stainless steels, cast irons, brasses, bronzes, nickel silver, cupf0 
7 N nickel and other alloys containing nickel. This information is yours for the 


TRADE MARK 


THE INTERNATIONAL NICKEL COMPANY, INC. wiw'tors...f 
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ighlights 


In this summary of technical developments, space restrictions do not 
allow giving complete details. Further information relating to any 


item can be obtained by writing to the Editor of Product Engineering 





PLASTICS AND RUBBER 


If and when metals used in die-casting be- 
come relatively unavailable, plastics will 
have real opportunities. ERP, UMT and Air 
Force expansion may combine to convert the 
possibility to a reality. Every applica- 
tion must be considered separately to keep 
from giving plastics a bad name. 











Fiberglas blankets are now used to absorb 
sound waves from self-contained air con- 








= ditioning units, before noise 
bi gets to ducting...Special 10 ft 
5 EH glass fiber wing panel sections 


ap" are being tested on a Douglas 
we C-54 to evaluate protection 
against electrical interference with radar 


equipment mounted within the panel. 


HIGH TEMPERATURE ELECTRICAL INSULATION is 
Simplified by new Fiberglas-reinforced in- 
dustrial laminate. With resistance to 

high temperatures and long exposure, this 
material is suited for use as slot sticks 
and armature end laminations. 








A new plastic, thermoplastic resins blend- 
ed with synthetic rubber, can be molded in 
any color or shape and with various de- 
grees of hardness. Made by U. S. Rubber 
Co., the plastic has strength of wood but 
will not split under blows from an ax. 








If you want to load your baby carriage 
bearings with sand and drive it 353 miles 
te or go 1,190 miles with axles 
As vertical, try nylon bearings and 
& 


rig see no bearing wear and little 
{25 axle wear. Good for machine 

- bearings up to 325 F, using lub 
oil or water. No oil spots on fabrics if 
used on textile machines with water. 





PAPER OR CLOTH, impregnated and surfaced 
with a polyester thermosetting resin, 
forms base for plastic now produced in 34 
different colors and patterns, with gloss 
or satin finish. Burn-proof types also. 








i) 


POLYSTYRENE is replacing high grade tin 
alloys for use in number wheels and pin- 
ions for counting instruments. "Plastics! 
(British) mentions that polystyrene cost} 
less per pound and produces five times as 
many castings per pound. 








OXY-HYDROGEN FLAME, rapidly passed over 
Sawed opaque edges or acrylic rods quick] 
fq makes them clear and free fron 

aie Saw marks. Oxy=-hydrogen is uss 
He) instead of acetylene So no car- 

bon residue will form. Method 

aa has been used for acrylics and 


polyethylene but other thermoplastic type 








either distort or craze. 





Not yet commercially available, new char 
acteristics are being given to nylon by 
du Pont chemists. One type is water-white 
transparent; another has higher melting 
point, greater stiffness and lower water 
absorption. Ordinary 66 nylon has 25% 

elongation but a new one has several hur- 
dred percent elongation. 


NYLON FABRIC AND RUBBER have been combine 
to make an improved pressure regulator 
diaphragm. It replaces sheepskin and cot4 
ton duck and has greater flexibility, hig 
bursting strength, good sensitivity and 
is lighter in weight. 








Mechanical sealing, packing and gasketin 
materials now being made of Hycar-impreg; 
nated felt. Hycar surface holds oil in, 1 
to 400% of its weight, and seals dirt out. 








NONFERROUS METALS 


Hulls for aluminum boats that are 12 ft 

aan have been drawn in one piece from 

a 0.064 in. aluminum, SAE 281. 

Hulls are 55 in. wide, and 22 

in. deep. A 1,700 ton double 
acting mechanical press was U5 
with a 40% paraffin compounde‘ 
mineral oil lubricant. The lubricant wa: 

applied to the top surface of the blank 
Continued on Pag 
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Engineering To Assure Peace 


MANY CONFLICTING THOUGHTS and emotions 
have arisen because of the confused world 
conditions. There are some who, like Henry 
Wallace, believe that a conciliatory attitude 
toward those who seem to be bent on trouble 
would solve everything. Many people, ab- 
horing conflict or anything that might lead 
to war, are fearful lest the building of arma- 
ments will create a desire to put them to use. 
Another segment of the people look with 
strong distaste on the prospect of again going 
through a period of materials shortages with 
possibly also rationing and price control. All 
of these attitudes are dictates of the emotions 
rather than rationalization. 

History and the cold facts of human be- 
havior clearly indicate that the rearmament 
program offers the only possible solution for 
the peaceful settlement of present interna- 
tional problems. Men in power despise weak- 
lings and sneer at them. In all the centuries 
of recorded history, no weak nation has ever 
been respected. There can be no leadership 
without the respect of those to be lead. The 
voice of a weakling in the councils of the 
mighty is never taken seriously. 

National might is measured by the quan- 
tity and quality of the implements of war 
that the country has ready. It did not worry 
Hitler or Hirohito that the United States of 
America had the scientific ability and indus- 


trial capacity to develop and produce the 


finest weapons in abundance. They did know 
that it would require at least three years for 
the production lines to start rolling, and it 
did. According to their reckonings the con- 
flict would be over by that time. Hence they 
felt safe to launch their wars. 

The present program aims to develop and 
build limited quantities of the most ultra 
modern weapons achievable. The degree of 
success of that undertaking will depend al- 
most entirely on the scientists and engineers 
who develop the war equipment. Every de- 
signer, regardless of his rank or title, will be 
an important contributor to future peace and 
security. “For the want of a nail the battle 
was lost’’, is an old saying but highly expres- 
sive. The most humble detail in the design 
of a highly complicated weapon may spell 
its success or failure. 

Again the design engineers have been put 
to the task of developing armaments. We 
hope that this time the objective will prove 
to have been to avoid war rather than to win 
a war. But regardless of what the future 
may bring, the immediate task is to design so 
well that it will place us decades ahead of all 


other countries, instead of years behind. 
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Maybe you can wrap up a protit, T00 








Trouble? That’s right! Bakeries couldnt wrap Morse Engineers tackled the toughie! Previous 
cakes and cookies fast enough. Hand wrapping shot experience dictated the use of Morse Roller Chains 
cost kite-high. What to do? What bakers did led to and Sprockets. These did the trick! Had the applica- 
drastic changes that can affect your business, too. tion called for Silent Chains, Morse Engineers would 
Cake wrapping called for an intricate use of motion. have recommended them. Morse Roller Chain on 
Packaging-machine designers faced a tough task. wrapping machines helped increase bakery efficiency 
Many attempts at solution failed. Then... and profits. Now, how about your business? 





BHT 


7 
& is 








Acti 
din 
Roller Chain Silent Chain 
* . . | | | 4 pdu 
It’s entirely possible to step-up the speed an Write for Roller Chain and pom 
efficiency of many of your machines, your produc- 

Sprocket Catalog: and new, . 
tion line. and even your consumer products with : S CC 

complete Silent Chain and 


Morse Roller and Silent Chain and Sprockets. 
Wherever there is industry the application of Morse 


Sprocket Catalog C 71-48. 














units have saved money. time and trouble. For com- Address Dept. 174. Morse Chain 
plete information covering uses, dimensions, prices. Co.. 7601 Central Ave. Detroit 8. 
installation and ordering data. . . Michigan. 
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IGHT REDUCTION in automotive 
port has always been of prime im- 
fance in Europe. One ton of 
Beht reduction on a bus or truck 
les insportation at no added 
NMs€é of a ton of passengers or 
's. The American automobile in 
ty seems on the other hand not to 
‘ tealized the advantage of light- 
Ng passenger cars. 

she | ypean regards with stupor, 


€ immense avenues of cities such 
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Light Alloys Need 
New Design Concepts 


he simple substitution of a light alloy for steel a good design 
rctice? The author, a leading European automotive engineer 
inventor of the Tracta universal joint, holds that substitution 
pduces only an approximation of the possibilities. He calls for 
omplete break with traditional design when using light alloys. 
s comments are presented just as they have been written, in 
t belief that readers will enjoy the inimitable Gallic style. 


J. A. GREGOIRE 
An. des Automobiles Tracta 
President of Sté. des Brevets J 


A. Grégoire 


as Los Angeles, thousands of cars 
following each other in line, each 
weighing three to four thousand 
pounds, powered by 80 to 150 hp 
motors, usually carrying a single pas 
senger at thirty miles an hour. Yet 
there is no doubt that we could keep 
equal comfort and performance and 
save 40 percent of the car’s weight and 
10 percent of the fuel consumption 
In the near future American builders 
will tackle this 


have to problem 





HT ALLOY CASTINGS are suggested to replace the conventional steel chassis or stamped body-shell. This lower dashboard 
ng is the principal structural member of the car. The casting offers greater structural rigidity and substantial weight reduction. 


which for the past ten years has been 
seriously studied in Europe That 
lightness is the aristocracy of mechani- 
cal technique is equally true on both 
sides of the Atlantic. 

In the search for lightness, while 
keeping steel as the basic material, 
the heavy chassis in thick U-formed 
sheet has been transformed into the 
tubular caisson in thin sheet. The 
body, first in wood and sheet steel, has 
been executed entirely in steel. Then 
this body, instead of being bolted to 
the tubular side-members, has ended 
by being welded to these parts. Fi- 
nally, the chassis has disappeared, and 
it is the lower part of the all-steel 
body that now fulfills the mechanical 
role of the frame. One has the 
“coque” [Editor's note: literal trans- 
lation, ‘“‘shell’}, or chassis-body, a 
logical and seductive solution, though 
not lacking in inconveniences. 

Thus having obtained from steel the 
maximum lightening effect, the engi 
neer has turned toward the light alloys 
because of their low specific weight 
Two schools of have 
oped. 


use now devel 

The doctrine of the first consists in 
S ibstituting these new alloys for steel. 
and 
modulus of 


using the same technical solutions 
for the new 
mechanical 
formability and weldability 
The 


problem from its basic elements. In 


allowing 
elasticity, characteristics 


second school reconsiders the 


5] 








Fig. 1—One problem in the shell design is to spread concentrated loads over a 
large panel area. This casting supports the motor and the forward suspension. 


stead of adopting a technique used for 
another material and which, for this 
reason, has little chance of being the 
most advantageous one, it seeks new 
techniques which take account of the 
“mentality” of the new material. By 
mentality is meant the good points, 
which for light alloys are: Lightness, 
castability, conductiveness; and the de 
fects, which are the low modulus of 
elasticity and the difficulties of deep 
stamping and welding. This second 
school doesn’t transpose, it innovates. 

We shall examine manifestations of 


these two schools and shall try to 
determine on which side lies the 
truth. 


TRANSPOSITION 


The problem of transposing from a 
steel material to a light alloy material 
is relatively simple. The fact of start- 
ing from an already proved structure 
frees the engineer from the always 
arbitrary determination of the stresses 
to which the material is submitted. 
The whole problem then is to dimen- 
sion parts so that construction in a 
different material gives the same re- 
sistance. 

Characteristics of primary impor- 
tance include rigidity to flexion and 
torsion, and also the coefficient of 
safety to apply to both static and dy- 
namic constraints. The dimensions of 
the shape are dictated by the most 
imperative of the relative conditions 
about the principal axes, xx’ and yy’. 
The first formula is for rigidity, the 
second for the value of flexional con- 
straints. Respectively, E and E’, ¢ and ¢’ 
are the moduli of elasticity and the ad- 
missible work rate (in practice, the 
fatigue ultimate strength) in the old 
and new materials; v and v’ represent 
the distance of the most loaded fiber 


S- 
J 


from the neutral fiber; and J and I’ 
moments of inertia in the old and new 
Structures. 


ae be , 
2  E 

and 
T; ' n a Ty’ a v : 
ry” ala ery” dea ' 


The first group of relations neces- 
sitates for light alloys, moments of 
inertia three times as high; the moduli 
being in inverse relation to the fatigue 
limit, or approximately in the ratio of 
two to one. 

Where it is a matter of making a 


new structure of light alloys, the engi- 
neer would do well to draw up a first 


design in steel. Then, following the 
preceding rules, he can convert. 

At first sight there seems no reason 
why one should not use as thin a sheet 
as possible. Formed into the proper 
shape, this would possess a reduced 
unit weight and a high moment of 
inertia. Calculation shows that if one 
increases homothetically (similarly) 
the exterior dimensions for a certain 
shape while reducing the thickness in 
such fashion that the weight per run- 
ning foot remains constant, the mo- 
ment of inertia increases approximately 
as the square of the homothetic ratio, 
K (the ratio of the new to the old di- 
mensions). Also, 7/v increases in the 
same proportions. The deflection de- 
creases as K? and the fatigue of the 
metal as K in these conditions. 

But one is limited in this direction 
by the danger of the shape buckling. 
Few structural elements of the auto- 
mobile work as columns under, pure 
compression ; buckling of the whole is 
thus little to be feared. On the other 
hand, the risk of local buckling leads 





Fig. 2—Dashboard of the Adler. Although s 
plified compared to others, it still has 13 par 


to avoidance of overly reduced 

nesses in tubular shapes. Resistance 
local deformations is tied to the pr 
uct, EJ, of the elementary section ¢ 
sidered. This resistance 


therefore, directly as the modulus a 


as the cube of the sheet’s thickness 
also varies in 
radius of curve. 
When transposing an_ establis 
steel body into light alloys, one sh 
theoretically, increase the thicknes 
in the panels in proportion to the 


1 
inverse relation 


root of the moduli, that is, multi: 


them by 1.45. With elements si 
ciently curved, a boost of 25 percent 
ample. Thus, one can pass from s 
sheet of 0.95 mm to sheets of 3p 
cent Mg alloy of 1.20 mm 
When seeking maximum lightness 


oa i 
CHICKNE 


hollow shapes, one should avoid # 


surfaces as much as possible in fa 
of curved forms with a radius of cur 
ture such that the danger of | 
buckling is forestalled. These radi 
curvature must allow stamping 
also tolerate normally any acciden 
deformations. 

Nonheat-treated alloys p 
satisfactory mechanical characteris! 
in the reheated state, such as 3 an 
percent Mg alloys, can be used. T! 
alloys can be spot-welded, or we 
with oxy-acetylene, with atom« 
drogen or by the Heliarc process. 
EXAMPLE OF TRANSPOSITION 

THE MAaTHIs-ANDREAU Al 


This car of the box-coque type ¢ 
sists of a box frame base to w! 


fixed the lateral panels and the 


board. The whole of the st! 


strengthened by tubular shapes of »': 


inertia. Sections of the different hol 


shapes forming the ribs of the 
frame and other details are cesct 


Propucr Encineerinc — Jury, |” 





increas 





Fig. ; 
sugge 


Fi 


SiC 





Although «i 
| has 13 pan 


sduced thi 
Resistance 
to the pr 
’ section ¢ 
e increas 
modulus a 
thickness 


lation to 


1 establis} 
., ONE sho 
= thickness 
n to the a 
is, multir 
ements suq 
25 percent 
SS Irom st 
ets of 3 px 
im thickne 
lightness 
Id avoid fi 
ible in fa 
lius of cur 
ver of lo 
hese radii 
amping : 
ry accident 
5 possess 


haracterist 


jue type ¢ 
to W hich 2 
nd the das 


structult 


apes of h 
] 
| 





‘erent holl 
of the ? 
ire descrip 


- J LY 1% 





B Pro: 1 
































Propuct ENGINEERING, Feb. 1947. 
A high strength light alloy casting, 
Fig. 1, carries the forward suspension 
and motorblock, spreading the stress 
over a large area of the panel. 

The procedure of giving a rigid and 
sufficiently extended casting the job of 
spreading stresses over a large surface 
is important whenever the resistant 
structure consists of thin sheets. When- 
ever massive shapes are used the nec 
essity for this spreading of effort 1s 
no longer felt. 

One should recognize that this pro- 
cedure of transposition has allowed in- 
teresting developments, which have 
given excellent results in practice. But 
the last examples cited show that the 
engineer logically ends by moving 
away from old solutions and that, by 
the force of things, he directs himself 
into new paths. Can one really im- 
agine, on a steel body, having cast 
steel parts to spread stresses over a 
large surface of sheet? 


SECOND SCHOOL: INNOVATION 


_ This school makes a clean sweep of 
former solutions (it is difficult to ar- 
five at this at the first attempt) and 





Fig. 4 I 
side be 
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Fig. 3—Replacement of the complex steel sheet dashboard by a light alloy casting was 
suggested in this 1936 patent (Gregoire), which also included light alloy side beams. 


studies mechanical problems on the 
basis of the “mentality” of the new 
material. 

One of the principal strong points 
of the light alloys, and especially of 
Alpax (Silumin), is their excellent 
castability. Now the key part of a 
passenger auto is beyond any doubt 
the dashboard assembly. In extreme 
simplification as in the Adler dash- 
board, Fig. 2, it is still composed of 
13 parts Generally, the dashboard 1s 
made of 10 to 20 parts of stamped 
steel, welded together on mounting, 
straightened afterwards, the imperfec- 
tions being corrected with much use 
of tin alloy. Everyone knows that 
French all-steel body builders still 
use impressive tonnages of tin, of 
which a good part goes to fill up the 
roughnesses of the dashboard. 

Basic idea of the new technique was 
to replace this part, which is impre- 
cise and costly in labor, by a cast part 
of high precision, thus suppressing a 
large part of the labor. 

The development of this simplifica- 
tion theory found its first application 
in 1936 in the Adler car. To the dash- 
board, Fig. 3, constituting the key 





{B) 


part, are bolted side beams tied in 
front and in the rear by cross beams. 
The side beams follow the exterior 
form of the body, in which they in- 
corporate themselves. Cross section 
is in the form of a ‘“U”’ of which the 
center is suitably curved. Inside the 


“U,” reinforcement ribs confer great 
rigidity. The beams contain bosses 


and brackets for attaching the floor, 
forward and rear cross beams, and for 
passage of suspension organs. 

Thus developed, the framework of 
the vehicle differs appreciably from the 
classical chassis. Mechanically, it fills 
the role of a chassis but it comes close 
to the ‘‘coque”’ in its incorporation into 
the body, of which it forms an integral 
part. It has seemed to us logical, for 
this reason, to designate this construc- 
tion by the term ‘‘cast shell.” 

It is interesting to examine the evo- 
lution of the cast shell. One realizes 
then how difficult it is, when one 
abandons classical doctrines in order 
to create something incontestably new, 
to throw off a tradition in a single step. 
To convince oneself of this one need 
only compare, Fig. 4 a, b, c, the side 
beams of the 1936 Adler, the Amilcar 
Compound car built in 1938, and the 
Gregoire in its i945 development. 

In the Amilcar the side beams term- 
inate at the mounting of the rear 
suspension organs, at the spot where 
rigidity is still indispensable to hold- 
ing the road. The length of the 
foundry parts is thus appreciably re- 
duced and their casting facilitated. 
The forward cross beam of cast light 
alloy, used in the Adler, remains the 
same. It is 4 mm thick when com- 
pletely finished and supports the upper 
spring, the radiator, the steering, and 
the motor’s rubber suspension pads. 
The tie is assured in the rear by a 
tubular beam of 1. 5 mm steel sheet 
on which are welded the two beams of 
the false chassis in the rear. 


In the Adler the side beams still 
had a close relation to the traditional 
steel chassis beams. In the Amilcar 
they limit themselves to that part of 





(Ch ‘ se 


Evolution of the shell construction. (A) 1936 Adler had unnecessarily long side beams, hard to cast. (B) 1938 Amilcar 
is extend only as far as rigidity is required. (C) 1945 Gregoire is built entirely around light alloy dashboard casting. 
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the structure 
deformable. 


which must remain in- 
With the A. F.—Gre- 
goire car the idea of an indeformable 
~whole grouped around the key part, 
the dashboard, finds its full expression. 
In this car all revolves around the 
dashboard, which constitutes the cen 
ter of the structure. For ease in 
casting, this dashboard has been di- 
vided into two parts, the lower dash- 
board, shown as the lead picture, 
which constitutes the real resistant ele 
ment, and the upper dashboard which 
forms the frame for the windshield. 
The reader is referred to PRopuCc1 
ENGINEERING, Dec. 1946, pp 88-92, 
for more pictures and details of this 
construction. 

To this lower dashboard is fixed 
toward the front a part known as the 
forward support, on which are assem- 
bled the motor, steering gear and the 
suspension; and toward the rear, the 
side-beam panels. The latter are tied 
at the rear by a tubular steel cross beam 
and are prolonged by the small side 
beams, shown in Fig. 5, bolted to the 
tubular cross beam. These small side 
beams have bosses in which are lodged 
the articulation blocks for the rear 
suspension arms, shown in Fig. 6. 
These are also cast in light alloys. 


ADVANTAGES OF CAST CONSTRUCTION 


Such a whole no longer presents any 
analogy with classical construction in 
steel, compared to which it has numer- 
ous advantages: 

1. Lightness. The shell of the A. 
F.—Gregoire weighs only 100 lb. 
This whole takes the place, mechani- 
cally, of the chassis, and replaces at 
the same time a part of the body; or 
in other words, 175 to 200 lb of 
stamped sheet in the most modern 
steel construction. 

2 The following exper- 


2. Rigidity. 
iment was made on three cars: a 





Fig. 5 


S4 


Small side beams cast of light alloy are bolted to the 
tubular steel cross beam and prolong the main side beams. 


normal car, all steel body bolted to 
tubular chassis; a specially rigid car, 
with body welded on a tubular chassis, 
or chassis-coque; and a cast-shell car. 

One wheel was raised as high as 
possible, so that the car was on the 
point of tipping over; and the follow- 
ing facts were observed: on the first 
car, the doors could no longer be 
closed; on the second car, the doors 
could still be closed but there was 
visible, at opening and closing, a de- 
formation of several millimeters in re- 
lation to the door frame; on the third 
car, with cast shell, the doors opened 
and closed just as if the car were on 
perfectly level ground. 

3. Precision. The parts constituting 
the shell are straightened on templets 
after casting. They are drilled on a 
mounting. With the shell solution, 
the parallelism of the axles is assured 
in mass output to within several 
tenths of a millimeter, while with the 
classical technique, precision is on the 
order of several millimeters. 

i. Solidity. With traditional con- 
struction it is difficult to spread over 
the thin steel sheet of the chassis or 
coque, the stresses transmitted by axles, 
springs, and shock absorbers. Despite 
reinforcements at the joints, which also 
involve an appreciable increase in 
dead weight, stresses remain locally ele- 
vated. All evidence indicates the shell 
does away with this inconvenience. 
Casting allows developing the parts to 
which the members are attached to the 
desired thickness. Moreover, a judi- 
cious tracing of ribs assures the spread- 
ing, over surfaces as wide as desired, 
of local stresses. The lightness of the 
shell, the possibility of varying the 
heights, the thicknesses and the rib- 
bing, permits obtaining for parts of 
the shell (such as the side beam pan- 
els) moments of inertia from five to 
ten times higher than those of corres- 
ponding parts in steel. The work 


Fig. 6—These rear suspension arms are supported by 
tion blocks lodged in the bosses of the small side beams 





rate thus falls to 2-3 kg per sq mm 
which, compared to the breaking poin 
of treated Alpax of 24-28 kg per 5 
mm and to its limit of fatigue of 8-1 
kg per sq mm, leaves enormous mai 
gin of security. 

5. Ease of Repair. 
presents a considerable 
often underestimated. 

After a collision the user n 
able to repair his car quickly an 
cheaply. The car must also retain th 
same qualities as before the acciden 
Now repair of a classical chassis or 
body-coque where the sheet is heated 
hammered, pulled about, in a wor 
‘martyrised,” can hardly claim to 
store the same solidity and the san 
precision as before the accident 

On the other hand, in adopting { 
repair of shells the formal rul 
all parts twisted or broken must 
replaced, one is certain that the 
paired car will benefit from the sa 
mechanical qualities of precisior 
solidity as the new car. 

The design of the shell should 
such that the dismantling and reassen 
bling of parts can be effected rapidly 
A side-beam panel for example, if we 
designed, should be able to be change 
in six man-hours. Changing or ever 
straightening of a classical side bean 
apart from the inconveniences note 
above, is an infinitely longer operatio: 
and consequently more costly 

6. Noiselessness. Increasing — the 
rigidness of cars without augmenting 
the weight has led, in the classica 


intere to 


school, to adoption either of tubular 


side beams or of coque type bodies 
All such progress made toward rigid 


pik 


ity involves an increase in resonance Oo! 


the frame on rough roads. With higher 


rigidity, the light alloy shell constru 
tion practically suppresses this no1s¢ 
There are fewer joints, and therefore 
there is tess possibility of noise. 
7. Production Possibilities and Costs 
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Shell parts in Europe have been sand 
cast. This method, excellent for 
small or medium output, does not per- 
mit mass Output as required in Amer- 
ica. There is no reason why shell 
parts cannot be die cast. American 
machines are capable of pressure cast- 
ing parts weighing up to 60 pounds. 
The weight of the cast dashboard of 
the largest passenger auto is no higher 
than 100 pounds. That is to say that 
already the largest dashboards can be 
die cast if divided into two parts. 
Specialists claim to be able now to 
cast parts of 100 Ib under pressure. 

As for the question of cost, indica- 
tions can only be given for France for 
periods of stable prices as in 1939. At 
that time in France a pound of sand 
cast parts cost about 50 percent more 
than a pound of parts in stamped and 
assembled steel sheet, but the shell re- 
placed twice its weight in steel parts. 

A saving is thus involved in use 
of the shell. The difference becomes 
even sharper if one uses pressure cast- 
ing. Then there is almost total sup- 
pression of labor; the parts “ome out 
rigorously precise, both in form and 
thickness, and require neither finish- 
ing nor retouching. 


IMPROVEMENT OF OTHER 
AUTOMOTIVE COMPONENTS 


The use of light alloys has opened 
new horizons. The engineer has 
profited not only from the lightness 
and castability, but also from high 
heat conductivity, which allows rapid 
evacuation of the calories stored up 
by the drum during braking. 

The 
naturally been toward transposition. 
The classical brake drum, i....cad ot 
being cast in steel, has been cast in 
light alloys, Fig. 7(.4), around a hoop 
in special cast steel. 

But despite undeniable 


first cten in this techninane has 


progress 





Fig, 7 
alloy 
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Tires (A) are mounted on a small fixed rim in the light 
aioy crum-wheel construction. This design (Gregoire patent) 
's being used on the new French cars, the 4 hp Renault, Dyna- 


Jury, 1945 


brought by this method, the problem 
had not been reconsidered basically, 
with full disregard of the gradua'ly 
perfected classical technique so solidly 
anchored in custom. 

What reproaches could one make 
against this universally adopted tech- 
nique ? 

First of all, the brake holder serves 
a similar purpose to the wheel holder. 
Secondly, the wheel holder prevents the 
flow of air from cooling the drum. 
Finally, the drum, despite its thick- 
ness, remains deformable. 

Logic has thus led to the drum- 


wheel. The fixed wheel becomes the 
fixed rim, seen in Fig. 7(B), which 
facilitates changing. It also saves 


weight on the spare tire, being made 
either of cast light alloys or of steel 
sheet. The drum becomes the drum- 
wheel. It is composed of a hoop in 
special cast steel lodged in a cast light 
alloy part which serves as brake drum 
and wheel body. 

When the brake is relatively small 
compared to the rim, a star perpendicu- 
lar to the median plane of the hoop 
cylinder forms with the exterior of 
the wheel a caissoned and ribbed solid, 
light and highly rigid. The A. F. 
Gregoire car drum-wheel is illustrated 
in Fig. 8. When the brake ts rela- 
tively large compared to the rim, 
required by heavier cars, the drum 
takes the exterior shape of the wheel’s 
body. This drum carries an important 
median rib, to which are attached the 
connecting pins of the fixed rim. 


ADVANTAGES OF 
LIGHT ALLOY DRUM-WHEELS 


One obtains in this fashion a much 
more efhcacious braking, with the same 
brake, because of the complete inde- 
formohility of the drims: a mech more 
rapid evacuation of the brake heat, 
the drum-wheels acting as good radia- 


rigidity. 


Panhard, DeRovin, Gregoire, and others. 
a small car cast in light alloy. The interior is heavily ribbed for 
Air has adequate access to the brake drum region. 





Fig. 8—Drum-wheel for a heavier (2,000 
cc) car. Median rib adds strength and 
supports connecting pins for wheel rim. 
T..c drum is thus restrained from warping. 


tors; and a notable lightening of the 
unsprung members, which help to 
improve the ride. 


CONCLUSION 


It follows from the several examples 
we have described that the only logical 
method of using new materials in 
mechanical construction is that of ‘n 
novation. 

This school is moreover produc 
tive of progress. It can lead to new 
solutions which are intrinsically super 
ior to the classical solutions. That is 
why the research and use of new ma 
terials such as the light alloys and 
plastics should be encouraged in all 
types of industrial machinery parts 








(B) Drum-wheel for 
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A SOLENOID is an electromagnetic coil 
whether or not an electric current is 
flowing in its turn or turns. Thus a 
short-circuited secondary coil or a 
metal tube carrying an induced current 
is a solenoid. When provided with a 
ferromagnetic core or plunger, the 
combination becomes a long-range 
electro-magnet or straight-line electric 
motor without pivots or bearings other 
than the guide for the plunger. Elec- 
trical energy in such a coil-and-plunger 
is converted into magnetic energy, use- 
ful work, and useless heat. 


GENERAL CHARACTERISTICS 


A coil-and-plunger with a ferro- 
magnetic frame or jacket is an iron or 
steel-clad solenoid and several forms 
are shown in Fig. 2. Such a solenoid 
with a ferromagnetic stop often is 
called a plunger electromagnet. These 
types are used extensively in both d-c 
and a-c circuits for operating magnetic 
switches in control and protective ap- 
paratus, and for actuating devices such 
as magnetic valves and magnetic 
brakes. Frames and plungers of d-c 
solenoids can be of solid iron or steel. 
but those of a-c solenoids are lam- 
inated. 

Solenoids can be designed to (1) 
produce long or short strokes; (2) 
accelerate their loads quickly or 
slowly; (3) operate intermittently or 
continuously; and (4) remain in their 
closed positions briefly or for any 
length of time. Solenoids can deliver 
strong impacts or hammer blows that 
are useful in electric hammers: al- 
though usually sharp impacts are 
avoided in most industrial applica- 
tions of solenoids. Solenoids either 
pull or push their loads, depending 
upon the end of the plunger to which 
the load is attached. 

A solenoid does two kinds of work 
in moving its load: The so-called lift- 
ing work and the accelerating work. 
The efficiency of an a-c solenoid 
usually is about double that of a d-c 
solenoid. 


This is because during an 
active 


stroke of a d-c solenoid the 
magnetic energy not expended as use- 
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. . rating sequence of machine 
Fig. 1—Solenoids are widely used for interlocking the agers a ye! ie 
Pe ae re ae ; arate ¢ > ntrolling the flow ¢ , 
h ; slectrically operated valve for col ; ( 
elements, such as this electr ' ra - devices 
Solenoid valves are also used for the remote control of hydraulic de 


ful work is stored in the system until 
the electric circuit is opened ; then it 
is dissipated in the coil and switch 
contacts as heat. . 
In a properly designed a-c solenoid. 
much of the magnetic energy stored 
during any quarter-cycle is returned to 
the electric circuit during the follow- 
ing quarter-cycle. One estimate of the 
overall efficiency of a short-stroke ex- 
perimental a-c “plunger electromagnet 
used in an electric hammer is about 89 
percent. This consists of 52 percent 
for the lifting work and 37 percent 
for the accelerating work, as compared 
to a maximum of 46 percent efficiency 


qracteristics 


| Solenoids-l 





{utomatic Switch Compan 


for a d-c solenoid with 32 percent tot 
the lifting work alone. But such high 
efficiencies seldom are realized. 

The plunger of a long-range 4 
solenoid is moved by a serics 0 
rapidly recurring pulls. Well —— 
a-c solenoids are inherently que 
acting because they must start thelr 
loads during one-quarter cycle. It an 
a-c solenoid cannot start its load dur 
ing that time interval it cannot 0} erate 
at all. Quick-acting d-c solenoids ge 
erally follow a-c design. 


zing 
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DIFFERENTIAL ACTION. In ana 
the action of a solenoid it 1s h 
- JULY, 45 
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ig, 2—Common types of d-c tractive solenoids. (A) Plain iron 
hd solenoid. (B) Plunger electromagnet with stop to increase 
ull. (C) Load can be pushed or pulled by solenoid. 
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Fig. 3—Solen 


pull No. 1 


is least. 


‘0 think of the coil as consisting of 
wo abutting half-coils and the 


oid can be considered as two abutting coils and 
two abutting plungers. Final pull is sum of four separate pulls; 
No. 4 is strongest with short air gaps. 


not have to be considered as they do 


Fig. 4—Movement of characteristics of plunger. (A) With non- 
magnetic spacer between half-cores, net pull is difference between 
the opposed pulls. (B) Characteristic of preset gap between 
half-cores; pull of each half-core is measured separately with 
opposite section in place. (C) Brake solenoid uses pull between 
each half coil and opposite half-core plus air gap pull. 


plunger, (2) through the coil wall 


plunger as comprising two abutting 
alf-cores as shown in Fig. 3. 

_The coil-and-plunger operates on a 
uterential principle. Two opposed 


mechanical forces simultaneously try 
‘0 move the complete plunger in op- 
posite directions; the difference be- 
‘ween the two opposed pulls is the 
measured pull. For simplicity, in the 


tollowing analysis coils are assumed to 


€ stationary in horizontal positions 
and the plungers movable axially in- 
side the coils with negligible friction. 
Thus the weights of the plungers do 
) . 
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when coils are placed vertically. 

The plunger is magnetized by cur- 
rent flowing in the coil. The plunger 
is pulled within the core hole by pre- 
dominating magnetic attraction until 
its middle coincides with that of the 
coil and the two opposed mechanical 
forces balance one another. This action 
occurs whether the plunger is longer, 
shorter, or of the same length as the 
coil. 

The mechanical force developed by 
the current-carrying coil and __ its 
plunger is caused by magnetic leakage 
from the (1) entering end of the 


and (3) back to the opposite end of 
the plunger within and outside of the 
coil, thus linking the current in the 
coil. The mechanical force is pro- 
portional to the rate of increase in 
the linkage of current and magnetic 
flux, as the plunger moves into the 
coil and increases the self-inductance. 
It is theoretically possible to use the 
principle of virtual displacement in 
estimating the mechanical forces of 
solenoids. But this is not always 
practicable. This is because of incom- 
plete linkages of current and flux and 
changes in permeability that cause 
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Fig. S—Pull characteristic of constant current d-c 
plunger longer than coil. Constant 
laminated plunger gives similar characteristic. 
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current a-c solenoid with 
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Fig. 7 


—Effect of length of stop on solenoid pull with constan 
current. (A) Total pull is sum of coil-and-plunger and air-gajh 


pulls. (B) Total pull characteristics for three lengths of stop 
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F'g. 6—With constant ampere turns for either d-c or a-c; (A) 
Effect of length of plunger with respect to length of coil in 
simple solenoid with no frame or stop; (B) iron clad solenoid 
with plunger longer than frame. 
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Fig. 8—In a constant voltage a-c solenoid the coil impedance 
increases as plunger enters coil. This decreases coil current an 
pull. Shape of pull curve can be altered by adjusting the pos! 


tion of the stop. Compare with Fig. 7 (A). 
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-her variation in the self-induct- 
Cc 
Any relative linear motion between 
current-carrying coil and the 
unger Of a d-c solenoid generates a 
intter-emf. This back emf 
effective current strength of the 
voltage d-c coils. Therefore 
—-100 e pull of d-« coil-and-plunger is 
er with a slowly-moving plunger 
yan with a fast-moving one. But the 
ore slowly a d-c solenoid moves its 
the greater 1s the heat loss in the 
ee per stroke 
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ULL CHARACTERISTICS. When the 
magnetic middles of a current-carry- 
¢ coil and its plunger coincide, as 
hown in Fig. 2, the magnitude of the 
magnetic flux, and linkage of current 
nd flux are a maximum. Then the 
et mechanical force tending to move 
he plunger as zero. As 
hown by Fig. 3, an attempt to move 
1¢ plunger in either direction will be 

sisted by a mechanical force. 
Placing a non-magnetic spacer in 
1¢ air gap between adjacent ends of 
i¢ two half-cores, as shown in Fig. 
(A), produces unbalanced forces un- 
ss the middle of the plunger and 
i! coincide. The action is the same 
ether the solenoid has a frame or 
ot. A slight displacement of the 
ores in either direction upsets the 
alance and one of the half-cores is 
out of the complete coil as the 
r half-core moves further into the 


whole is 


| oil 

This characteristic is used when 
light displacements and small me- 
hanic: al forces act to produce quick 
nd powerful electromagnetic actions. 
ometimes mechanical stops, such as 
ollars on the two half-cores as shown 


io Fig. 4(B), are used to prevent 
uch movement. Under this condi- 


vith constan 
and air-gap 
ths of stop 


ion any withdrawal of the half-cores 
S resisted by a strong. air- gap pull 
lus the solenoid pull, as in plunger 
ectromagnets. This is true, with or 
sich 1 frame. There are four sep- 
rate siecle forces acting to pull 
uch a —_ together as shown 
(1) Pull between the two 
(2) and (3) the pull be- 
ich half-coil and each opposite 
and (4) the air- gap pull 
the two half-cores. 
Pull (1) is relatively insignificant 
used in solenoids; only one 
the pulls (2) or (3) is available 
l-and- plunger ; and pull (4) is 
Principle one in plunger electro- 
Magnets with short air gaps. The coil- 


-— 


Current, percent 


ee BC -p! y 5 : Peat ~ 
d-plunger pull often is negligible in 
| impedance: Pesigns with short air gaps because 


current an’ Bthe aj, 


“gran | p pull (which is limited by 
ng the Po Bre macneti 


“netic saturation of the plunger 


Ne stop) is so much stronger. 
Jury, 194 P 
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But with relatively long air gaps the 
sum of the coil-and-plunger and air- 
gap pulls should be considered. The 
brake solenoid shown in Fig 4(C), 
uses the (2), (3) and (4) pulls. 

The pull of a d-c coil-and-plunger 
is limited only by the strength of the 
current that the coil can withstand. 
After the plunger is saturated the 
pull increases directly with the num- 
ber of ampere turns in the coil. 

The approximate pull characteristic 
of a typical d-c or a-c coil-and-plunger 
with the plunger longer than the coil, 
operating on constant current 1s shown 
in Fig. 5. About the same curve for 
the coil-and-plunger only is obtained 
for an iron-clad solenoid or plunger 
electromagnet. By utilizing only the 
pull from O to A; A to B, or B to C; 
accelerating, nearly uniform, or de- 
celerating pulls can be obtained re- 
spectively. Within limits, the longer 
the plunger relative to the coil the (1) 
stronger is the coil-and-plunger pull 
as the entering end of the plunger 
reaches the opposite end of the coil 
and (2) the longer is the useful range 
or stroke. Some of these pull relations 
for different lengths of plungers are 
shown in Fig. 6, including 
of adding a frame and stop 

Unless data from past experience 
are available, the preliminary design 
of a coil-and-plunger usually is based 
upon test data obtained with solenoids 
having stationary plungers. Here the 
only energy loss is caused by the re- 
sistance of the coil. sym- 
metrically wound d-c solenoids with 
flat-end round unannealed cold rolled 
steel plungers of various lengths and 
uniform cross sections showed that in 
all tests a maximum pull (or push) of 
about 9 or 10 psi of plunger cross sec- 
tion is obtained for each 1,000 amp 
turns per in. of coil length when the 
plunger had entered about two-thirds 
of the length of the coil, as shown in 
Fig. 5. Use of the best grades of an- 
nealed steels increase the pull about 
20 percent. 

For symmetrical solenoids with flat- 
faced unannealed cold rolled steel 
plungers, as well as for the more com- 
mon steels and wrought iron, the ap- 
proximate maximum coil-and-plunger 
pull can be calculated simply. Where 
NI is the number of ampere turns, L 
is the length of the coil and L, is that 
of the air gap, both in inches, pull 
in psi is 


the ettect 


Tests of 


0.009 wi (1 
l 


and that for the air-gap between a 
flat-faced unsaturated plunger and a 
flat-faced stop, 1s approximately 


ec NITY 
oe | me 2 
14+ xX 1 ( 1 ) 2 


Equation (1) holds when: (1) 
The length of the coil is at least 
twice its diameter; (2) coil diameter 


is not greater than three times that of 
the plunger; and (3) the stop projects 
into the core hole about one-third the 
length of the coil. As shown in Fig. 

the length of the stop 
pull characteristic of a d-c solenoid. 

The total pull of an iron-clad sole 
noid or a plunger electromagnet 1s 
the sum of the coil-and-plunger and 
air-gap pulls. Thick frames for sole- 
noids are necessary only for 
anical strength requirements ; 
in heavy duty solenoids that act with 
great force through a short air gap. 
In such solenoids is well to allow 
an extra assumed air gap of } in. 
because of plunger reluctance and 
leakage. 


affects the 


mech- 
such as 


The static pull characteristics of con 
stant-current a-c solenoids are similar 
for constant-current d-c sole 
noids except that from 10 to 20 per 
cent more ampere may be re- 


quired if a shading ring is not used. 


to those 


turns 


This is caused by secondary-current 
and hysteresis losses in the plunger, 


In the 
ring of 
naturally 
main 


frame and other 
position, the 
a plunger 


stop, parts. 
shading 
electro-magnet 
increase in the 
that position. 


( losed 
causes an coil 
current for 

Constant-voltage d-c solenoids have 
static-pull characteristics similar to 
those of constant-current d-c solenoids 
except that heating increases the coil 
resistance, thus reducing the number 
of ampere turns and the resulting pull. 
To assure adequate pull after coils are 
hot, it is well design the solenoid 
for 25 percent more ampere turns and 
pull than that calculated on the basis 
of room ambient. 


Constant-voltage a-c solenoids have 
entirely different pull characteristics. 
As the plunger moves into the coil 
the impedance increases, thus reduc- 
ing the current strength and the pull. 
The effect is shown in Fig. 8 which 
can be compared with Fig. 7(A). 
The pull curve can be altered by a ang- 
ing the position of the air gap. If the 
current in an a-c plunger electromag- 
net decreased directly with the forward 
movement of the plunger and the total 
reluctance was in the air gap, the air- 
gap pull would be constant. But as 
shown in Fig. 8, this is not true 

Solenoids are preferably mounted in 
a vertical position. This minimizes 
friction and wear, avoids use of re 
tractile springs, and Jets dirt fall 
of the core hole. Effective tractive 
effort for a vertically mounted sole 
noid equals the difference between the 
electro-tractive pull produced and the 
weight of the plunger. Since both the 
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Fig. 9—Typical modifications that change pull characteristics. D-c solenoids with (A) tapered plunger; (B) magnetic shut’ 


Clapper-type electromagnets (C) showing modifications to vary ratio of initial pull to holding pull. 




















Horizontal pull, pounds 














20 


40 60 80 


Coil length, percent 




















Tg in dia. cold rolled stee/ plunger 


Zin. lang cai! 8450 ampere turns 3x 























/ N 


Moveable sfop- 








Y 
8 
- 


4 
Y 

4 
ie 

Y WA 
J) f Y/ 


“ (Ai 
YA 
” 
7, 
0, 
74 
a 


V4 
cet 











Z ! 


~ 
~\ 0 
LQ 0 50 
Pull, percent 























LLL 








(B) O 


NY \ \ 
WN 1 as PL trikes sh 
, % noger strikes D 
\ Ba A | Plunger strikes stop _ 
AN es \ \ = 
WN eceeee KR N 5 
XY 
NX Y ar 
WN \ WN ie?) 
~~ . RN c 
S WS 
| NN 3 
\ 





Fig. 10 


Combating effect of hammer blow in d-c solenoids. (A) Hole through frame gives magnetic cushion, as shown 


data. (B) Floating stop moves when struck by core to reduce “mushrooming” effect of impact. 
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tractive pull and weight of the plunger 
vary directly with the cross section, 
nothing is gained in effective vertical 
pull by increasing the cross section of 
the plunger. 


— 

\ MoDIFYING PULL CHARACTERISTICS 
\ The pull characteristics of a d-c coil- 
\ g2%d-plunger may be changed by un- 
2p _ evenly distributed ampere turns along 
an assymetric coil, or by varying the 
{toss section along the plunger, or 
doth. Thus the initial and final pulls 
can be increased to obtain a more uni- 
‘orm distribution of pull, especially 
‘or intermittent service or for certain 
electri instruments where the cur- 

‘ent 1s relatively weak. 
-Tapering the entering end of a 
plunge onger than the coil in an un- 
——_§ ‘mec solenoid increases the useful 


” ~ §&cC range: but this decreases the max- 
num | and changes the position 
lum pull with respect to the 





ft the coil. Different pull 
nari istics in both d-c and a-c 
plunger clectromagnets can be obtained 
own by te ace ng the length of the stop. 
iterent pull characteristics can be 
) 
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Westinghouse Electric Corporation 


Fig. 11—Typical magnetically operated a-c contactor. Core material is laminated to 


the alternating flux in a_ solid core. 
obtained with differential solenoids. 
For example, two spaced coils can be 
used with a single connecting plunger 
or with a single differentially-wound 
coil acting on a single plunger. Often 
toggles and other linkages provide use- 
ful modified pull characteristics in d-c 
solenoids; but they are rarely used in 
a-c solenoids because of noise. 

The initial pull and the length of 
stroke can be increased in d-c plunger 
electromagnets in several ways as 
shown in Fig. 9. Coning the plunger 
and its co-acting stop as shown in 
Fig. 9(A) increases the effective area 
of the air gap and reduces its reluc- 
tance for a given length of gap. For 
example, one design uses a vertical 
plunger electromagnet 6 in. high and 


64 in. diameter with a male coned 
stop 5.31 in. high, 3.44 in. diameter 
at its base, and with its apex project- 
ing to the top of the frame. With its 
co-acting female coned plunger and 


15,500 ampere turns in its coil, a pull 
of 200 Ib was obtained at the begin- 


ning of a 1 in. stroke and 135 |b at 
the beginning of a 2 in. stroke. The 
direct pull across such air gaps is at 
an angle with the axis of the gap and 
only the resultant pull is effective. 
Coned plungers and stops are seldom 
used in a-c plunger electromagnets. 

The magnetic shunt principle is ap- 
plied to d-c plunger electromagnets 
such as shown in Fig. 9(B). The 
initial pull is increased by an auxiliary 
plunger moving into an enlarged hole 
in the stop. In such shunt arrange- 
ments the maximum pull is corre- 
spondingly less. 

The hammer blow in 
caused by the highly accelerated 
plunger striking the co-acting stop. 
After long periods, hammer blows 
harden and distort the ends of soft 


a solenoid is 


steel plungers and stops. In d-c sole- 
noids, co-acting surfaces can be 


suitably hardened. In a-c solenoids, 
sometimes welding hard nonmagneti 
material on the co-acting ends of both 
the plungers and the stops prevents 
mushrooming. 

A hammer blow is avoided in the 
magnetic cushion type of solenoid that 
has a hole through the frame where 
the stop ordinarily is located, as shown 
in Fig. 10(A). But this solenoid has 
weak holding properties since the pull 
does not increase rapidly near the end 
of the stroke. 

The hammer blow is reduced in 
the plunger electromagnet with the 
floating stop shown in Fig. 10(B), 
since at the end of the stroke the stop 
momentarily moves upward with the 
plunger. 

Inherently a-c solenoids are noisy. 
Although shading rings insure quiet 
operation of single or polyphase sole- 
noids up to certain limits of pull, they 
usually are noisy with increased load, 
wear, or the presence of dirt. Eleva- 
tor brake solenoids in hospitals, hotels 
and apartments are immersed in oil 
to deaden the noise. Flat springs are 
sometimes placed between coils and 
their supports to lessen vibration im- 
parted to the coils. 


FIRST USED IN 1877, ball bearings came into general use with the advent 
of the modern bicycle. A high stage of development was brought about 
by the bearing industry as the automobile evolved from a curiosity to a 
practical means of transportation. Their marked superiority over plain 


} 


bearings in these instances soon caused them to be used in all types of 
light machinery. However, ball bearings have not replaced journals. 
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Reed cover si 


Loom girt 


Harness carnshaft 


Having all the basic motions of a conventional loom, the 
Kellogg Model 100 loom is designed for high speed 
operation. Down time for repair operations has been 
reduced by designing all components as sub-assembled 
units. These units can be quickly removed and replaced 
with correctly calibrated units when breakdowns occur. 
High speed operation of 225 picks per min has been 
accomplished by spec:fying lightweight metals for many 
of the reciprocating parts. Added design features that 
have permitted high operating speeds are the use of cut 
steel gears and tapered roller bearings. Loom sides are 
weldments consisting of formed szeel plates welded 
together. This box type construction avoids cantilevered 
supporis for any of the power shafting or drive com- 
ponents. Misalignment problems that can result from 
this type of construction are avoided by using universal 
joints to transfer power from one loom side to the other. 


The arch on this loom is made of square steel seamless 


Q? 


High Speed Cam Operated Loom 


_—— Signal light pane/ 


Flywheel 


Hand 
wheel 


Shuttle 
box 








Pick and 
Paralle/ 
assembly 


tubing welded to casi sieel flanges. A similar type 0! 
design is used in the construc.ion of the supports for the 
outer flywheel bearing. The loom sides are held in pos: 
tion by channeled frame members that are bolted and 
welded in place. Power is supplied by a 1 hp 850 rpm 
motor through a V-belt drive to the flywheel. Spee¢ 
changes are made by changing pulleys on the moto! 
shaft. The let-off motion for the warp beam is an ad: 
justable clutch that consists of steel and bronze plates 
running in oil. Lubrication for the tapered roller beat 
ings is provided by individual grease fittings. An inter 
nal friction shoe automotive type brake is provided K 
stop the loom motions instantaneously. This loom will 
weave either cotton or rayon material without making 
major changeover adjustments. Weight of the 40 in 
loom less warp, is 3,100 Ib. It is built in sizes from 40 in 
to 60 in. width, by the M. W. Kellogg Co., Loon Divi- 
sion, Jersey City, N. J. 
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LEFT SIDE VIEW shows one of the 
Mearness hickory picker sticks that projects the 
return Clutch shuttle that carries the bobbin, and 
motion contro! accelerates it across the lay beam 
thy lever where it is struck by the other picker 
" stick. The picker stick has a syn 
Arch Be ae ige uM 
\ thetic rubber and fabric receiver fot 
Warp the shuttle. The stick is provided 
stop \ with a cammed parallel motion that 
ti Whip we ss ' 
moron pate causes the end striking the shuttle to 
~\ \ travel in a straight line 
lywheel Warp . \ 
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POWER DRIVE schematic shows the 
split crankshaft construction that ts 
provided for the reciprocating lay mo 
tion. Universal joints mounted on in 
volute splines on the end of each 
Choth crankshaft are connected by a welded 
rol steel tubular shaft. Harness camshaft 
Jack is mounted in the base of the loom 
It is also provided with a flexible 


Shuttle 
box 





coupling to the harness timing gear 
lay —_, * £ i 
assembly shaft. The camshaft is made up of 


individual induction hardened cams 





> Fae whose surfaces are generated 1n rela- 
“riction - 7 ae tion to a key slot in the hub. Idler gear 
ot-of F > wiahiages in the harness timing gear set can be 


gear box 


swung out of mesh to adjust the lay 


ne . a Mi / and harness motion relation. To sim- 
Mand wheel ssa % : re ae plify maintenance, all tapered roller 
- * # , « < * ‘ Le me 
and brake —— ' take-up ‘A ; 
contro/ bearings supporting the separate shafts 


are identical. 
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High Speed Loom (continued) 
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—— the ir 
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Right Hand Shuttle Box Assembly : 
nas < 
inclo 
form 
flks the s 
E vtrelle qd { cli Sand 
aluminum zi Lea jhard 
alloy lay beart 
section Section A-A Section B-B Section C-C ture 
354 
' og , ; — factu 
LOOM SIDES are in. SAE 1020 hot rolled steel. LAY MOTION components are made of lightweight mate. 
~ . . . . . . . oa . . . . ‘ = 
Sections are embossed, formed and pierced. Reinforc- rials to reduce the inertia effects of its reciprocating motion 
ing strips are spotwelded in the embossed areas. The The 8 ft long lay beam is an aluminum alloy extrusion. Shuttle} 
entire assembly is then spotwelded together. No holes boxes mounted on each end of the lay beam are made up of 
are tapped in the loom sides. Holes are drilled in the aluminum alloy castings bolted together. Slots for picker 
sides to receive tapped spline nuts. sticks are machined in the extruded sections. 
Circular slot for, stop pin 
wry Redlight White light Oreen light 
. 4 
a a 
witches Dt ciated 
3 Filling motion a 
Cover/ hives Seuictck, 
7 
Spiral steel springs .. Pilot light 
inclosure 
) 
+ 
TC 
Section B-B ee eS ae tuk 
ite light -¢ ‘ aA : 
Green light for fue hy 
White and qree ‘ [ y 
— 7. 
HARNESS RETURN MOTION consists of spiral steel springs inclosed in a WIRING DIAGRAM shows sign?! " 
box mounted on top of the arch. These springs serve to keep the lever followers light system. Red light signals _ 
on the end of the harnesses in contact with the harness camshaft. Die cast matically in the event of loom shut a 
pulleys on the end of the shafts controlled by the spiral springs are provided down to call weaver. White am te 
with three holes for locating the end of the cables. Overtravel of the pulley green lights controlled by weaver @ ste 
is prevented by stop pins that extend through slots cast in the pulleys. for cloth remover or repairm« 
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Operating on the principle that electrical conductivity of a particu- 
lar sand sample under certain regulated conditions depends upon its 
moisture content, the No. 285 Moistmeter has both corrosion resist- 
ant materials and shock resistant instrument mountings. To operate 
the instrument, it is inserted into a pile of sand, one of the handles is 
released and the moisture content read directly on a dial. Moistmeter 
has a light alloy housing for the metering devices. Housing is 
inclosed with a rubber bumper ring. Two stainless steel arms in the 
form of a pair of tongs are attached to the housing. On the end of 
the spring loaded fulcrum arm is mounted a curved sampling plate. 
Sand trapped within this plate is compressed to a predetermined 
jhardness when the tongs are released. Provision is made for tempera- 
ture compensation. The unit weighs 10 lb, has an overall length of 
35; in. and has a maximum sampling depth of 25 in. It is manu- 





ight mate. 
1g motion 
on. Shuttle 
ade up of 
for picker 


factured by the Harry W. Dietert Co., Detroit, Mich. 





G 



























































file fle—A 


200° 


lernperature factor potertiometer B 


QO 


Fuse 


Electrodes applied to sand with 


precleterrnined pressure ‘. 
R, 


75,000 


Y 9 
le OF 

Bat (Internal std) 
3 low 


A> Hi 











Ro 50° 





j000+- 7 
Rs 100 ‘he 
Sand factor potentiometer c 
1000 +- 
2 
oil Oe - oF 


Ls 





R4 





Lao 














Battery 





600 Legend: 


Lo = for low power 
Hi= for high power 











TOP VIEW shows wiring connection and location of the 
tubber mounted instruments. The Moistmeter is calibrated 
by adjusting the sand factor dial. The sand factor number 
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is determined from analytical moisture determinations of 
4 sealed sample. For example, a sample has been tested 
and found to contain 5 percent moisture. The Moist- 
meter is inserted into the sample and the sand factor dial 


adjusted until the meter reads ‘'5 percent”. Sand tempera- 
ture cial is set to agree with the dial thermometer, the 
stem of which is mounted in the stationary arm. 

) : : 
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WIRING DIAGRAM shows the electrical components. 
Two electrodes are mounted in the tip of the stationary arm. 
The electrodes and their housing form a concentric circle 
with the curved sampling plate. Power is supplied by a 
223 v battery. The battery is discarded when it fails to 
give a 10 percent moisture reading. A battery checking 
switch position is provided. No tools are required to re- 
move the battery, which is taken out of the instrument by 
raising a leaf spring. Readings can be taken at the rate of 
10 per min. 
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EXTERIOR and cutaway views of the Conju-gage show vertical suspension and chain drive for master worm sectior 


Worm Sectioned 
Gaging Element 


Designed to chart composite errors in both spur and 
helical gears, the Kodak Model 8-U Conjugage uses a 
gaging element that is ground as a section of a single 
thread worm. Two adjustments are provided: One for 
helix angle setting, and one for pitch radius. Helix angle 
is adjusted by revolving a sector through a worm drive 
operated by a handwheel. Another handwheel is pro- 
vided to adjust the pitch radius, which is zeroed by bring- 
ing a master arbor in contact with a datum pad on the 
end of the worm. In operation, a gear is placed between 
centers section. 


and meshed with the worm 


A cycle 
switch is tripped and a synchronous motor drives the 
worm section along a Vee-way, imparting rotary motion 
to the gear. Gear errors are indicated by center distance 
variations. These variations are transmitted to a differen- 
tial transformer in which a center coil moves between 
two fixed cores with opposing fields. The output of the 
moving coil is amplified and recorded on a moving chart, 
visible through a glass panel. The Conju-gage is built 
by Eastman Kodak Company, Rochester, N. Y. 
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MASTER WORM SECTION is illustrated by this phanto! 


The master section 
OBE 


drawing. 
forming 


hob sections and ‘‘C”’ since no cutting 


“A” differs from Imaginat 


lear 


ances are provided. Since teeth on the master are sections 


of an involute helicoid, crown and taper can be ch 


by traversing the gear across the worm. 
anism can be adjusted for 100, 200, 
magnification. Maximum capacity of the 
8} in. dia. Worm section is driven at a speed of 2 
sec and stops automatically after the gear has mad 
turn. Charts can be analyzed to determine individua 
file, spacing and tooth thickness errors. Eccentricit 
departure from theoretical size can also be determin 
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Fastener Has 
Stamped Components 


This Simmons Quick-Lock Fastener was designed to be the lock- 
ing means for providing an air-tight seal on a U.S. government 
steel casket. The Quartermaster Corps specifications for the 
casket require that an absolute seal capable of withstanding an 
air pressure of 3 psi be made. Gasketing material is natural 
rubber that is compressed to a shape whereby an increase of 
pressure inside the casket causes the gasket fit to become tighter. 
Cam action fastener made by the Simmons Fastener Corpora- 
tion, Albany, N. Y., is operated by a special wrench. An advan- 
tage of this type of design is that it provides a visual means 
of inspection to determine if the fastener is locked. The fastener 
in the unlocked position extends 3/32 in. beyond the casket 
surface. The fastener is spring loaded, thus assuring that each 


fastener applies approximately equal clamping pressure. 
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FASTENER DETAILS include 


stamped and screw machine parts. The 


T-wrench is SAE 1020 steel bat stock. 
formed on a punch press. Blades are 
milled. Retaining 


ring and 
plastic washer are produced on punch 


presses. Inner housing ts a deep draw 


both 


acetate 


ing steel formed in a progressive dic 
from flat strip stock. Rec eptacle is a 
machine part into 
staked the stamped SAE 
insert that lugs on the 
stud. The stud is a screw machine 
part that has secondary milling opera 
tions for the lugs and wrench slots 


which ts 
1] 5) 


SCTCW 
steel 
receives the 





Exhaust System 


Expansion Chamber 


DESIGNED TO AVOID exhaust 
noise in internal combustion truck engines, 
this expansion chamber can be installed be- 
tween the engine and the muffler. The unit 
is ineffective if used in place of a tail pipe. 
Designed by Julius Gaussoin of Portland, 
Oregon, chairman of the equipment and main- 
tenance committee of the American Trucking 
Association, it is merely an 8 in. dia. by 30 in. 
long cylindrical steel chamber. The device can 
applied to either gasoline or diesel engines. 
In addition to reducing noise, this unit causes 
exhaust smoke to be shot higher in the air 
n in conventional installations. 
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MODEL A300 air motor has three expansion stages. 


Lightweight 
Rotary Air Motor 


Using multiple staging and rotary piston 
principles, this 2 hp, 10,000 rpm, 7§ lb Berry 
air motor has a starting torque of 20 ft-lb and 
uses 20 cu ft of air per hp. Air enters the first 
stage and rotates a piston that is keyed to the 
main shaft. From this stage the air is directed 
into the next stage where it acts on a second 
piston, which is also keyed to the main shaft. 
Leakage in the pressure chambers is prevented 
by a rotary valve, keyed to a shaft that is gear 
driven by the main shaft. For industrial pres- 
sures from 90 to 150 psi, three stages are 
required. When using steam as a working 
medium, more stages are necessary. This unit 
can be motor driven and used as a compres- 
sor. It is 5{ in. long, 35/16 in. wide and 4 
in. high. Larger models and hydraulic pumps 
and motors using similar operating princi- 
ples are available. These units are made by 
Berry Motors, Inc., Corinth, Miss. 
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MOTOR CUTAWAY shows the three individual expansion stages 
Provision for volume change is made by varying the thickness of the 
cylinders, pistons and valves. Valve and main shaft are drilled so 
that ball bearings supporting both shaft ends can be lubricated from 
one grease fitting. Gears are held on shafts by retaining rings. An oil 
seal is provided at the drive end of the main shaft. Ports, cylinders 
and end plates are individual die cast sections that are held together 
in metal-to-metal contact with eight through bolts that thread into 
tapped holes in one end plate. For improved efficiency and also when 
using contaminated air, a cast neoprene seal is included in the pisto: 

Here, the piston is split through the flange and two screws are pr 

vided to retain the seal and clamp the piston to the main shaft. For 
intermittent service, plain bearings can be provided in all models. 
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Die cast body sections 


Abutment valves 


Through bolt 








Pistons 


Through bolt 


MOTOR COMPONENTS. All body sections are die 
cast zinc alloy as are the abutment valves, pistons and gears. 
Balance holes are cast in the rotating members. No machin- 
ing Operations are performed on the valves or pistons. 
Keyways are cast in proper relation with the piston so that 
Woodruff shaft keyways are in line. Steel shafts are 








Valve shaft 


Drive shaft 


ground. End wear on valves, piston and plate faces is 
resisted by steel washers recessed in each cylinder cover 
plate. Recessed holes in valves and pistons are for ejector 
pins. Single stage units for air compressor applications 
include a discharge poppet valve and a pulsator chamber. 
Plain bearing model has lower peak horsepower. 
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HP MODEL weighs 88 lb, a weight that was achieved 
specifying aluminum sand castings for all body com- 
ponents. A reversible motor, this unit is 93 in. wide, 
|| in. high and 16 in. long. Neoprene seals are provided 
the cast aluminum pistons. Abutment valves are ground 
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and piston hubs are shaped. The high torque available 
at low speeds for all of these models is evident from the 
performance curve shown at the right. At 3200 rpm, out- 
put is approximately 18 hp and air consumption per hp 
is 19 cu ft. Stalling torque is 86 ft-lb for this model. 
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P R O D 


Variable Speed 
Blower Control Unit 


By driving the blower of home hot air furnace installations at a slow 
speed and increasing its speed as the bonnet temperature increases, 
cold air blasts are avoided. Hot overruns are avoided by slowing 
the blower as the unit shuts off. The Webster Electric Thermodrive 
unit made by the Webster Electric Co., Racine, Wis. provides such a 
control. The unit is mounted on the end of the blower motor drive 
shaft and, in conjunction with a split sheave pulley on the blower, 
changes speeds by changing effective pulley diameter ratios. The 
unit is supplied in three shaft sizes of } in., 3 in. and 3 in. Thermo- 
drive unit consists of a bellows that expands as the temperature of the 
surrounding air increases. This expansion causes the moving pulley 
section to approach the fixed pulley section, thus increasing the effect- 
ive pulley diameter. 
LOOF. 


Bellows begins to expand between 90F and 
Maximum expansion is at from 125F. to 140F. The two 
extremes in speed ratio give an air flow differential of 65 percent. 
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TYPICAL INSTALLATION in a furnace conversion is shown. A 7 ft 
length of 13 in. dia flexible steel tubing 1s provided between the plenum 
chamber and a shroud that incloses the thermodrive unit. The shroud 
is mounted so that the bellows is shielded from the return air flow. 
Duct attaches to the shroud with self-tapping screws. Fan control switch 
in bonnet should be set to cut out between 85F and 96F. “On-oft’’ 
differential should be 10F. When thus installed the blower will start 
at slow speed and increase to a maximum. The “‘off’’ cycle is reversed 
and the fan decelerates to slow speed just before the motor shuts off. 
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SPLIT SHEAVE pulley mounted on_ the 
blower shaft takes up belt slack as the thermo- 
drive effective pulley diameter changes 
Sheaves are held together by spring tension 
Sheaves have a 1 in. dia mounting hol 
Adapter bushings of § in.. ? in. and Z 11 
dia are supplied. Pulleys are provided in thre 
sizes of 8 in., 10 in. and 12 in. dia to provid 


drives with different speed ratios. 
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Non-Shock 
Safety Socket 


The SPS electric light socket has a 
design feature that prevents a person 
from receiving a shock when touch- 
ing the bulb contact. Electrical con- 
tact is made by inserting the bulb, 
which causes a spring loaded con- 
tact to engage the main contact. The 
safety feature functions whether the 
Winner 
of a recent Lewis and Conger Safety 
Award, this switch is made by the 


socket switch is on or off. 


G 








S. P. Socket Co., New York, N. Y. 





Shel/ insulating 
/ine ais oe 


SAFETY FEATURE is included in 





P ; Flectroher she// 
either lamp or candle type mounting. 


Aluminum bulb contact is mounted in 
an insulating wafer, which is fastened 
to the bracket that carries the switch. 
With socket empty this contact is held 
from contact with the main shell 
terminal rivet by a phosphor bronze 
spring. When the bulb is screwed into 
the socket, it advances the bracket as- 


Copper 
screw she// 


She// terrminal/ rivet. 
Shel/ terrnina/.__ 


Nn as 


terminal screw 











sembly until the bulb contact touches Electrolier cap 


the terminal rivet, thus making the Phosphor bronze -“ 
: ‘ switch spring- 

electrical contact. Phosphor bronze 

switch spring is pushed into contact Cap insulating liner 

with switch contact by the fibre rotor 


mounted on the switch shaft. 
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Self-Aligning Drill Press Turret 


Alignment with the drill press spindle is accomplished by mount- 
ing the turret spindles on floating bearings. Lateral motion 
results from clearance between the turret casting and the spindle 
and upper bearing race. Angular motion is obtained by a convex 
flange on the turret spindle, bearing on a concave upper bearing 
race. To index, the drill press quill is raised on the top collar 
in the turret stops on the drill press casting. Further quill move- 
ment compresses the spring and disengages driver from turret 
spindle. The turret is then indexed to the next station, located 
by housing mark and a ball and indent guide. As the quill is 
lowered, the spring keeps the turret against the drill press casting 
unul the driver engages and aligns the newly positioned turret 
Spindle. The taper fit between the turret spindle and driver is 
Sufficient to drive a } in. drill; yet it will easily disengage. The 
turret is made by Howe and Fant, Inc., Norwalk, Conn. 
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LIGN-O-MATIC 


is 53 in. 
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TURRET weighs 7 oz. 6 oz 


Housing is cast aluminum 





and 


10] 











Compact 


High Pressure 


Hydraulic Pump 


Low surface speed and high ratio of length 
to diameter of piston are design features 
that assure high efficiency over a long 
period of time for the operation of this 


variable capacity hydraulic pump. 


per min. Pump capacity is 7 gpm at 


1430 rpm. 


2000 psi. Overall efficiency at 2000 psi is 
Pump is made by L.M.L. In- 


80 percent. 
dustries Ltd., Newport, England. 


Piston 
speed at 1400 rpm shaft speed is 46 feet 


Pressure is variable from 0 to 


similar, fixed-capacity pump is made by removing 





TYPE L. 500 PUMP has an overall length of 11 in. and an overall height 
of 53 in. Control of capacity and pressure can be effected by the following 
systems: automatic control, remote control by a flexible system, hand 
screw control or positive operation of the control piston by mechanical 
motion from the reciprocating slide or rotary table of the machine. A 


capacity control parts 
I ) I 
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PUMP CROSS-SECTION shows the 
ball bearing mounted drive shaft. 
Cast iron rotor with a circle of axially 
positioned cylinder bores is rotated 
by the drive shaft. Each bore is fitted 
with two pistons that are reciprocated 
by cams in each end of the unit. Phos- 
phor bronze slipper pads are placed 
between the pistons and cams. Each 
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cam has a pair of diametrically opposite 
high points between which are dia- 
metrically opposite low points. Thus 
for each revolution of the rotor, each 
cylinder has two balanced suction and 
pressure cycles. Stationary valve spin- 
dle has two inlet and two delivery 
ports “A”, and “"B” (only 1 port “A” 
is shown) that connect with the inlet 


and delivery ports “C”’ and “D’ 
These ports successively connect during 
rotation with Ports “E” in the rotor 
that lead to each of the cylinder bores 
Right hand cam is attached to casing 
and left hand cam can be rotated uj 
to 90 deg to vary the output of th 
pump from zero to maximum capacit} 
by teeth meshing with piston rack. 
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AUTOMATIC or remote control can 
be provided for this pump. In the 
automatic control fluid from the pres- 
sure circuit is always connected with 
the cylinder bore and acts on the pis- 
ton rack, to counteract this load and 
slow the movement of the rack springs 
that are adjustable for load conditions 
bear on the end of the rack. The pump 
delivers fluid at a constant rate until 
the pressure in the circuit exceeds the 
initial spring control setting. As soon 
as pressure rises above this point, 
the piston rack operates the left 
hand cam. In the remote control ar- 
rangement, the fluid in the pressure 
circuit connects with spring loaded 
piston “F’. When fluid pressure ex- 
ceeds cutoff pressure, piston moves to 
the end stop and permits fluid to pass 
through port “G’ and exert pressure 
on the piston rack. As pressure is re- 
duced, piston “F’’ closes port “G” 
and opens port “H” and piston rack 
returns to the capacity setting. 





Motorcycle has 
Stamped Frame 


One of the lightweight features of this rear 
engined “Vespa” motorcycle is a stamped sheet 
steel frame with a wide steel apron that acts as a 
windbreaker. Powered by a 4 hp 4500 rpm en- 
gine, the vehicle has a top speed of 43} mph. 
Gasoline consumption is 106 miles per gallon at 
30 mph. Engine has cast aluminum alloy cylinder 
head, crankcase and piston. 
cork inserts. 


Plate-type clutch has 
Wheels are stamped with an in- 
tegral brake drum. Engine and rear wheel form 
a single unit that is flexibly mounted on the main 
frame. Motorcycle is made by the Piaggo Co., 
Genoa, Italy. Empty weight is 132 pounds. 


GEARSHIFT CONTROL and clutch control are 
located on the left hand side of the handlebar. 
Shift control is operated the same as the throttle 
control on a conventional motorcycle. Numbers 
on the handle grip identify the individual shift 
positions. To shift gears, the clutch lever is pulled 
nd the handle turned to the desired position. 
lutch control lever is then released slowly. The 
ars can be shifted without using the clutch, ac- 
ding to the maker. 


r ~~ 


— 


1948 


RODUCT ENGINEERING — JULY, 














Ist speed 


Neutral 


Second 


Third 


Hondlebor 
gearshift positions 










C. lutch D 
\ Geor 
<a shift 
_ contro/ 
f ™ . grid JA 
\ piatermediote.. 
/ felastic 46 


 Cgeeet . “A 
" J] T \ fi 
aq i ‘Geor 
shifting 
frunnion 


J 3rd 2nd Ist 
speed speed speed 

geor geor geor 
~ Reor 
whee/ 


GEAR BOX 
oxle 








103 





. as a 
‘“ © a * 
° : 40s , e e 
hs > 
we. P bd © 
Le — a 
* ‘. ° 
’ Sy - rod ae + 
Z00F,5 min 
— * is ¢ 
- f . 
vee, j 
wt - - 
a + mere e #y . : 


©. a aero 
+ . a oa Seth". 
* . Sek, ae 
. = oe >. : ow ° 
Z00F, 4hr 
a aye SE! ot Go EF, HRP a 
See i PS em 
r CS ve cm ri ? 
eet Feet pr 
A age Lee NR oe 
: | - a <r e 
- ; ar, 0" Ray 
A 300F,12 hr 


Fig. 1 





* s 
” 
o “a 
- ore ‘# 
i“ = 
- - . e 
o - c. 


400F,5 min 


* 


400F,12 hr 


Fffect of heating at 300 and 400 F on the microstructure of 24S-T sheet. All micrographs shown at 500X initial magnification 


Effects of Overheating Aluminum 


P. A. HAYTHORNE and H. B. WILEY 


Research Engineers, Lockheed Aircraft Corporation 


Method whereby the structural properties of aluminum sus- 
pected to be impaired from accidental exposure to heat can be 
appraised from color changes in zinc chromate coated surfaces. 





FREQUENTLY it is necessary or desir- 
able to determine the extent of dam- 
sustained by structural aircraft 
components when exposed to sources 
of over-heating. 


Age 


Exposure to acci- 
dental fires, impingement of hot gases, 
or transfer of heat from nearby assem- 
blies raises the question “How much 
has the strength and corrosion resist 
ance properties of the structures been 
impaired ?”” 

The soundness of skin, rib, bulk 
head and stringer structures, as well 
as members of sections, fu- 
selages, and engine nacelles have often 
been questioned after such parts have 
been exposed to heat 

Without to destructive test- 
ing, no satisfactory criteria have been 


wing 


resort 
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available for establishing whether a 
suspected structure should be replaced 
or accepted for further service. 

In the absence of suitable non-de- 
structive tests some perfectly intact 
and metallurgically sound structures, 
which were only believed to be dam- 
aged by overheating, have been unnec- 
essarily rejected and replaced with new 
structure. At other times damaged 
components have remained in service 
in non-critical applications. 

In an effort to determine the degree 
of damage sustained by overheated 
aluminum aircraft structures, the Lock- 
heed Metallurgical Research  Lab- 
oratories have devised an appraisal 
method based on color modification 


occurring in zinc chromate surfaces 


when subjected to heat. This method 
has been adopted for use by field 
service and reclamation groups. 
Investigations show that the tem 
peratures attained by structures coated 
with standard zinc chromate primer 
can be determined, with reasonable a 
curacy, by a study of the color modi- 
fications that occur during service. Two 
sets of aluminum 24S-T specimens 
therefore, were prepared. One set 
was coated with yellow zinc chromate 
primer, Specification AN-P-656. Th« 
other set was coated with zinc chro 
mate primer pigmented to the dark 
green color No. AN-A-611. Thes« 
shades are standard at Lockheed 
Under carefully controlled labora 
tory conditions, coated 
mens were heated to temperatures ot! 


these 


spe I 


300; 400; 500; and 600 F for time 
intervals of 5 min, 3, 4 and 12 hours 
With increase in time and tem 


perature the yellow coating becomes 
progressively orange, tan, brown and 
in 4 to 12 hr at 600 F it becomes gray 
green. The dark green primer, with 
increase in time and temperature 
ENGINEERING 
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Fig. 2—Effect of heating at 500 and 600 F on the microstructure of 24S-T sheet. All micrographs shown at 500X initial magnification 


Determined by Color of Coating 


progresses rather abruptly to dark 
brown and finally to the same shade 
of gray-green in 4 to 12 hr at 600 F. 

The gray-green color is ascribed 
to the decomposition of pigmenting 
materials. The powdery consistency 
and flakiness of the coating at this 
stage of paint deterioration makes it 
easy to differentiate from similar col- 
ors occuring at lower temperatures. 
By comparing and matching the color 
of a skin or structural component, 
which has been exposed to heat, with 
the colors of the prepared laboratory 
specimens, the engineer can identify 
both the temperature and length of 
time of exposure to heat suffered by 
the part being examined. 

Further work was done in the lab- 
Oratory to correlate paint coating color 
changes with variations in strength 
and microstructure caused by heating 
24S-T Alclad sheet. Core materials 
were heated to the same range of tem- 
peratures and time intervals as those 
to which the coated specimens had 
been exposed. The treated core mate- 
rials were then tested for hardness. 
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The results of these tests are given in 
the accompanying table. These data 
are essentially for purposes of com- 
parison. Micrographs of treated core 
materials were made to study the modi- 
fications in microstructure. 

The effects of heating treatments on 
the microstructure of 24S-T core alloy 
are shown in Figs. 1 and 2. The 
300 and 400 F treatments with ex- 
posure for 5 min are without visible 
effect on structure of properties. Pro- 
gressively increasing precipitation is 
apparent after 400 F treatments for 
3, 4 and 12 hr. Initially this pre- 
cipitation lessens grain contrast and 
diminishes grain boundary resolution. 


Finally heavy precipitation occurs 
throughout matrix grains and _ at 
boundaries. The partial agglomera- 


tion of constituents and the complete 
absence of grain boundary delineation 
resulting from the 500 and 600 F 
treatments are indicative of the ap- 
proach to the annealed state. 

There may be some question as to 
what extent the effects of heating may 
be tolerated. But it is generally con- 


ceded that overaging of the material 
at 400 F will decrease corrosion re- 
sistance. The softening, of course, 
that occurs at higher temperatures will 
render the alloy structurally unsound 
In accepting or rejecting assemblies 
previously subjected to elevated tem- 
peratures in service, therefore, it is 
recommended that: (1) Color com- 
parisons be made with unaffected struc- 
ture (showing original paint pig 
mentation), and (2) Those parts that 
show indications of heating to 400F 
and higher temperatures should be 
replaced in critical applications. 


Sunerficial Hardness, Rockwell 15N, 
Of Treated 24S-T Alclad Sheet 








Temp. Treatment Time, Hours 
1/i2 1/2 4 12 
01) E3 +, 52 5] 
400 50 51 34 53 
500 53 5? 45 43 
600 9 45 38 3] 
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Typical Methods of Providint 


Below are shown various lubricating systems that can serve as Suit, ie 
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Backlash Considerations 


When Designing Gears 


Factors affecting backlash in gears and importance to be attached 
to each when designing. Cost of backlash, and methods for 


determining amount needed and amount obtained. 


Desi gns 


that produce zero backlash in gears for specific installations. 


LOUIS D. MARTIN 


Gear Engineer 
Kodak Company, 


Eastman 


Camera Works 
BACKLASH IN GEARS is the play be- 
tween mating gear teeth. It is impor- 
tant to emphasize the word mating. 
Backlash results in an angular dis- 
placement when one gear is fixed and 
the other is rotated. The amount of 
play varies slightly, all other things 
being equal, with the number of teeth 
in the arc of engagement. 

Backlash has been defined by the 
AGMA Nomenclature Committee as: 
“The Amount by which the width of 
a tooth space exceeds the thickness 
of the engaging tooth on the pitch 
circles’. This definition is prefaced by 
a caution note “for the purpose of 
measurement and calculation’. Obvi- 
ously, as indicated in Fig. 1, this defi- 
nition applies to a single pair of en- 
gaging teeth when the gears 
mounted in their final assembly. 

The influence of factors other than 
tooth thickness on the backlash of 
gears in their final mountings cannot 
be included in a general definition. 
The following are some of these fac- 
tors that govern backlash of gears on 
their final mountings: Variation in 
gear centers; excessive play between 


are 


journals and shafts; excessive runout 
in anti-friction bearings, and composite 
tooth errors in gears. 

INFLUENCE OF 


COMPOSITE ERROR 


Backlash in a pair of gears is influ- 
enced by the composite tooth error. 
This error is made up of the follow- 
ing: Runout; pitch error; tooth thick- 
ness variation; profile error and lat 
eral runout or wobble. 

When two mating gears are rotated 
on their centers, backlash through 
their arc of action changes in amount. 
The degree of change is dependent on 
the presence of any or all of the five 
errors listed above. Runout, for in- 
stance, causes a uniform increase and 
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decrease in backlash in a pair of gears 
of equal ratio. Runout describes a 
true sine wave. The sine wave charac- 
teristic is sometimes used to advantage 
in a pair of gears of equal ratio, such 
as miter bevels, to obtain uniform 
backlash. In such cases the high spot 
of the runout of one gear is matched 
to the low spot of the runout of its 
mate. While this evens the backlash, 
it does not improve the irregular angu- 
lar motion caused by runout. 

Pitch error, tooth thickness variation 
and profile error all tend, in varying 
degrees, to change the amount of back- 
lash in a pair of gears. The composite 
tooth error when combined with run- 
out, as in Fig. 2, is called the “total 
composite error’. 

There are several conceptions of 
backlash which can be classified as 
follows: 1. Backlash produced in the 
individual gear considered as one tooth 
of a gear being thinner than the space 
between teeth of the mating gear. 
2. Composite backlash; the backlash 
through the arc of action in a pair of 
mating gears running together and in- 
cluding the effect of composite tooth 
errors. It does not include the effect 


of errors in mounting the gears or in 
the gear housing. 3. Assembled back. 
lash. This is the actual backlash in 
a pair of mating gears in their final 
assembly and includes the effect of 
the errors in the gears themselves, the 
gear centers and bearings. 


WHy BACKLASH IS NECESSARY 


Backlash is necessary to prevent 
gears from jamming together and mak- 
ing contact on both sides of their 
teeth simultaneously. Lack of back- 
lash usually contributes to noise, over- 
loading and over-heating of gears and 
bearings. Seizure and failure in may 
gear applications may be traced to 
insufficient backlash. Room for lubri- 
cation must be provided for proper 
gear operation. Lacking this, the oil 
can be trapped at the root of the teeth. 
This inevitably results in over heating 
and excessive tooth loading. In gears 
that operate at elevated temperatures, 
the backlash must be enough to still 
leave room for the lubricating film 
after the gears have expanded. This 
is an important consideration when 
the gears run hotter than the housing 
in which they are mounted, and thereby 
expand more than the housing sec- 


tion between the shafts. The heat 
can result from a number of causes: 
(a) Heat transferred from external 


sources such as an engine or motor 
attached to the gear box; (b) churn- 
ing oil; (c) frictional losses between 
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Fi. 1—Blacklash between tooth profiles as indicated by AGMA Nomenclature Com 


mittee definition. Dashed line 


shows 


theoretical profile for zero backlash. 


Propucr ENGINEERING — Jury, |'/45 


teeth ; 
frictio 
Fre 


rial d 
ing 
in WO 
usuall 
worm 
18 Inv. 
tion 
diffe r 
severe 
backl: 
Bai 
sary 
ming 
suffic 
tio C 
can 
many 
sa ¢ 
fo 
Or 1 
Cert: 
rapic 
not 
are 
with 
back 
thin 
cutt: 
in Vv 
N 
the 
gea 
be | 
stuc 
of 
pe 
rel 
sid 
gre 
bac 
rat 
thi 
tal 
10! 
ne: 
of 








irs OF in 
ed back- 
klash in 
eir final 
fect of 
Ives, the 


SSARY 


prevent 
nd mak. 
of their 
of back- 
se, Over- 
ears and 
in may 
‘aced to 
or lubri- 
"proper 
the oil 
he teeth. 
heating 
In gears 
eratures, 
to still 
ng film 
1. This 
mn when 
housing 
| thereby 
ing sec: 
he heat 
causes: 
external 
r motor 
churn- 
between 








— 


re Com- 
yacklash. 





teeth; and (d) 
friction. 

Frequently, gears are made of mate- 
tial different from that of the hous- 
ing. An example of this is found 
in worm gearing. The worm gear is 
usually made of bronze, the mating 
worm of steel and the gear housing 
is invariably made of iron. Considera- 
tion must therefore be given to the 
differential in heat expansion of the 
several components when determining 
backlash in assembly. 

Backlash beyond the amount neces- 
sary tO prevent gear teeth from jam- 
ming together, plus enough to allow 
suficient clearance for lubrication and 
to compensate for thermal changes 
can be considered as excessive. In 
many applications, excessive backlash 
is a direct cause of failure, particularly 
if the device is frequently reversed, 
or if there is an over-running load. 
Certain types of cam drives and 
rapidly reciprocating parts which can- 
not be properly dynamically balanced 
are liable to cause failure in gears 
with excessive backlash. Excessive 
backlash, which is obtained by cutting 
thinner teeth either by side cutting or 
cutting deeper than standard, results 
in weakened teeth. 

No definite rule can be given for 
the proper amount of backlash for 
gear sets. Fundamental facts should 
be kept in mind and each application 
studied separately. A suitable amount 
of backlash for one application may 
be too much for another. Pitch and 
relative size of gears must be con- 
sidered. The finer the pitch, the 
greater the proportional amount of 
backlash that can be tolerated. Some 
rational relationship between tooth 
thickness and backlash must be main- 
tained. As an example, consider a 
100 pitch gear with a tooth thick- 
ness of 0.0157 inches. Ten percent 
of the tooth thickness, or 0.0016 in., 


bearing or oil seal 


would be a generous allowance for 
backlash in gears with this pitch. If 
the gear were 10 pitch its tooth thick- 
ness would be 0.1571 inches. On the 
same basis of ten percent, 0.0157 in. 
would be the backlash allowance. It 
is evident that this amount is too 
much. However, the 100 pitch gears 
may be used in a mechanism that does 
not require the same allowance for 
lubrication, thermal changes and tooth 
interferences as required for the 10 
pitch gears. 

Relative load carrying capacities 
must be considered. What, then, 1s 
the yardstick for the proper amount 
of backlash? Wherever backlash can 
be tolerated, and there are exceptions 
which will be dealt with later, use 
as much as possible but be sure the 
following fundamentals have been 
given proper consideration: 1. Tooth 
strength. Backlash can be obtained 
in many cases by changing center dis- 
tance without thinning the gear teeth. 
2. Allowance for thermal changes. 3. 
Allowance for lubricating film. 4. Al- 
lowance for total composite egror in 
gear teeth. 

To offer a guide for the correct 
amount of backlash to use for gears 
of various pitches, a backlash curve 
has been developed. This curve, Fig. 
3, is based on the average amount of 
backlash found in gears for the pitch 
range given. A field research was 
made covering backlash cut in gears 
used in several hundred different de- 
vices. This study extended over a 
period of several years and yielded 
a fair cross-section of gears in com- 
mon usage operating under average 
conditions. When the backlash given 
in Fig. 3 was put in terms of tooth 
thickness reduction in each gear and 
proper allowances were made for spe- 
cial gear applications, a straight line 
curve shown in Fig. 4 resulted. 

It is interesting to note that this 
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Graphical representation of composite tooth error combined 
Shows how backlash can vary during 
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Fig. 3—Backlash curve of 
5 to 100 D.P., based on field research 
several years, gives average back- 
lash in each gear for sets operating under 
normal thermal variations. Backlash in 
the pair is twice amount shown. 
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Fig. 4—Backlash allowance curve for 
each gear in percentage of tooth thickness. 


curve follows closely the average back- 
lash specified for fine-pitch gears in 
Section 5 of AGMA Standard 236.01. 
In gears of 30 D.P., and coarser, it 1s 
considerably more liberal than ASA 
Standard B6 6-1946. 


ASSURING PROPER BACKLASH 

There are several ways of obtain- 
ing the proper amount of backlash in 
assembly. The method most generally 
used and which fits best into mass 
production methods, consists of con- 
trolling every production phase of the 
gears, gear components and housings. 
It might be broken down into the 
following steps: Control of gear cut- 


ting and finishing within specified 
limits, including all steps of gear 


manufacture from raw material to fin- 
ished gear; control of boring the gear 
centers and housing bores to a toler 
ance compatible to the backlash de- 
sired in assembly; maintenance of the 
proper clearances between shafts and 
journals, and guarding against addi- 
tional runout by not using anti-fric- 
tion bearings that have excessive ec- 
centricity. 

A second method of obtaining 
proper backlash in assembly is to use 
adjustable centers. When this tech- 
nique is used, gear centers may vary 
from the standard center distance by 
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an amount equal to the adjustment 
that has been provided. Alignment 
accuracy, however, cannot be relaxed, 
for while eccentric or floating bear- 
ings may permit center distance to 
change they do not correct misalign- 
ment. The contrary is often true. 
This procedure does not lend itself 
to mass production and finds its chief 
use in instruments, machine tools and 
heavy equipment. In many of these 
applications, a minimum amount of 
backlash is required and often provi- 
sions are made for backlash adjust- 
ments in service. Most of this equip- 
ment is custom built or made in 
relatively small quantities. Ratios of 
assembly costs to part costs are con- 
siderably different in goods of this 
type than they are in items like auto- 
mobile transmissions, where parts 
must fall together. Following are some 
of the advantages and disadvantages 
of adjustable center installations. 


ADVANTAGES: 1. Gears can be cut 
with greater tolerances for tooth thick- 
ness since they can be allowed to vary 
in a plus as well as a minus direction. 
If the teeth are made thicker than 
standard they will have greater strength 
than those that have been cut thinner 
than standard to allow for backlash. 
2. Gear centers can be allowed to 
vary in a plus or minus direction from 
the standard center distance. 3. The 
desired backlash can be obtained by 
adjustment in assembly. 4. Provides 
for backlash adjustment in service. 


DISADVANTAGES: 1. This method 
is slow and costly. 2. It does not lend 
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a 
itself to mass production. 3. Adjust- 
able centers cannot be conveniently 


used in devices where field replace- 
ments are required. They require 
individual adjustment with — special 
aligning devices and hooks to hold the 
bearings in place. When worn gears 
are replaced by new gears, changes in 
adjustment may be required. 4. When 
eccentric bushings are used, the same 
amount of eccentricity must be main- 
tained in bushings assembled on the 
same shaft. If this is neglected, mis- 
alignment will occur. It is also neces- 
sary to hold the eccentricity constant 
along the axis of the same bushing, 
otherwise the shaft will be sprung and 
cause binding. When bearing blocks 
are used, as in Fig. 5, the distance 
from the center of the bore to the 
base must be maintained or misalign- 
ment will take place as with bushings 
of different amount of eccentricity. 

While these observations may seem 
elementary, their importance cannot 
be minimized. In service, many gear 
failures have been traced to flagrant 
disregard of these fundamental prin- 
ciples. 

Bevel gears of all types generally 
lend themselves to backlash adjust- 
ment in assembly. Their mounting 
distance can be altered to some extent 
without affecting tooth bearing. This 
is particularly true of spiral, bevel 
gears, and hypoid gears in which some 
accommodation for backlash exists. It 
should be emphasized that particular 
attention must be given to guard 
against changes in tooth bearing when 
backlash adjustments are made. 


Worm gearing also is amenable to 
backlash adjustment in assembly. These 
gears are extremely sensitive to small 
changes in center distance, and result- 
ing change in tooth bearing especially 
when high lead angles are used. A 
small amount of misalignment between 
worm axis and gear axis causes dis- 
turbances in tooth bearing. Worm 
gears of high lead angle and large 
contact ratio are the most sensitive to 
alignment changes. 

Selective assembly is a third method 
for controlling backlash during as- 
sembly. This procedure is more com- 
mon than might be supposed. While 
gears are matched primarily to obtain 
best tooth bearing, some companies 
also grade gears for size. Grading for 
size was used extensively in many fire 
control devices made during the last 
war. It can be applied where gear 
components are replaced as units. 


ZERO BACKLASH GEARS 
So-called zero backlash gears are 


gears that are so perfect in regard to 
size and composite error that they can 
operate metal-to-metal with no meas- 
urable backlash. Zero backlash appli- 
cations invariably require a very high 
degree of accuracy since the transmis- 
sion of uniform angular motion is 
very important. In involute gears 
backlash has nothing to do with gear 
quality and its presence or absence does 
not affect the uniformity of motion 
However, it cannot be completely 
eliminated without, at the same time, 
doing away with all other gear tecth 
errors. Gears having any of the five 
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Fig. 6—Typical method of removing backlash in gears by spring loading double gears. 


errors that are included in the com- 
posite error cannot operate without 
some backlash. Since true perfection 
is an ideal and even the best gears 
cannot be perfect, it would seem physi- 
cally impossible to produce zero back- 
lash gears. Metal-to-metal gear ap- 
plications, nevertheless, can and have 
been made (See PRopUCT ENGINEER- 
ING, July 1947, page 150). The com- 
posite error, however, is so minute 
that it is integrated over the number 
of teeth in the arc of action. The 
more teeth in engagement the greater 
composite error can be tolerated with- 
out producing measurable change in 
backlash in final assembly. This is 
one of the reasons why fine-pitch gears 
are desirable where uniformity of mo- 
tion is extremely important. 

Devices, such as the one shown in 
Fig. 6, while very ingenious do not 
offer a practical solution to zero back- 
lash gears because, while they do avoid 
play between the teeth, they do not 
improve the transmission of uniform 
angular motion. A greater bearing 
load is imposed because, to be effec- 


tive, springs “‘C” and “D” must have 
a combined force somewhat greater 
than the transmitted load. Also the 


“A” does not contribute 
to the load carrying capacity since it 
contacts the non-driving side of the 
tooth and serves merely to take up 
the backlash. Because there is com- 
posite error in the teeth the floating 
gear “A” must be resiliently mounted, 
hence the need for springs. A better 
Way of taking up backlash in metal- 
to-metal applications is by means of 


float ing gear 
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tapered gears. These gears, shown in 
Fig. are true involute gears made 
with either spur or helical teeth and 
are cut with a small amount of taper. 
When displaced on their axes, one 
to the other, they can be made to take 
up backlash. Again, in gears of this 
type, the composite error must be re- 
duced to nothing in order to operate 
without backlash. In the production 
of gears of this type, consideration 
must be made for the changes that 
take place in the tooth-thickness to 
diameter relationship. The tooth pro- 
portions change in involute gears 
when they are cut on diameters other 
than standard. Tapered gears are in 
reality a series of gears that have been 
enlarged (cut larger than standard) 
and reduced (cut smaller than stand- 
ard) and = stacked together. When 
they are produced on standard equip- 
ment with conventional tools, the 
tooth-thickness to diameter relation- 
ship must be considered or a faulty 
tooth bearing will result. 


Cost OF ZERO BACKLASH GEARS 


Unfortunately, there are no short 
cuts to the accuracy with which gears 
must be built to operate metal-to- 
metal. The same accuracy must be 
applied to boring housings and selec- 
tion of anti-friction bearings when 
they are specified. In gears, accuracy 
starts with the blanks. The finished 
gear can be no better than its blank. 
This is a point that cannot be over- 
stressed. If a blank is inaccurate, no 
amount of painstaking workmanship 
can produce an accurate gear. Fortu- 


nately, current production methods 
lend themselves to a degree of ac- 
curacy that was undreamed of a decade 
or two ago. Gear shaving and gear 
grinding methods have been developed 
that economically produce gears of 
high accuracy. Lapping techniques 
and equipment for lapping hardened 
gears have been improved greatly in 
the past few years. It is not uncom- 
mon to lap gears that have been ground 
after hardening. 

Since most applications that require 
gears of zero backlash do not have 
cost as a major consideration, tech- 
niques that would be prohibitive in 
highly competitive articles can be and 
usually are used. Among applications 
using zero backlash gears are machine 
tools, measuring instruments and fire 
control equipment. Selective assembly, 
variable centers, special selection of 
anti-friction bearings and occasionally 
hand lapping during assembly are all 
used when producing highly accurate 
gears that must operate metal-to-metal. 
New developments in gear production 
have greatly reduced costs. Secondary 
operations, such, as shaving, grinding 
and lapping, usually pay for them- 
selves as a result of increased produc- 
tion in the roughing operations. Gears 
are currently being ground from solid 
blanks with a high degree of accuracy 
and at speeds that were undreamed of 
a short while ago. In the past, an 
accurately bored gear housing was con- 
sidered easier to produce than accurate 
gears. The pendulum is swinging the 
other way today. 


MEASUREMENT OF BACKLASH 


It has been pointed out that there 
are several conceptions of backlash, 
namely: 1. Backlash cut in a single 
gear considered purely as one tooth of 
a gear being thinner than the space 
of the mating gear. 2. Composite 
backlash which takes into account that 
gear teeth have a variety of different 
errors. Gears having composite errors 
affect the amount of clearance or back- 
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Fig. 7—Backlash in these spur gears can 
be regulated by axial displacement of one 
tapered gear relative to the other. 
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lash of other mating gears. The 
amount of backlash varies with the 
magnitude of the composite tooth 
error and the number of teeth in the 
arc of engagement. 3. Backlash in 
assembly. This takes into account all 
of the errors in the gears plus the 
errors in gear components, housing 
and shaft position. 

The man on the gear cutting ma- 
chine, in making a set-up, must be 
furnished with some means of obtain- 
ing size. This may be a gear tooth 
vernier, a set of gear measuring wires 
or some other type of tooth thickness 
gage. In using these measuring de- 

ices he learns one thing about the 
gear (depending on what he uses) 
and that is all. However, the gear in 
Operation rotates about an axis: when 
it does so in mesh with its mate. tooth 
thickness changes occur because of the 
errors previously mentioned. There- 
fore, the operator needs to know con- 
siderably more about the gear he is 
producing than just its tooth thick- 
ness. It is true, that the first require- 
ment of any gear is correct size. It 
can be reasoned that if the set-up is 
correct: with regard to proper selec- 
tion of tooling, etc., the gear should 
be accurate. Fortunately, this is 
what happens in the majority of well 
planned and well-tooled jobs. There 
are some unpredictables that opera- 
tors cannot evaluate, such as, spring- 
ing of the work or cutter, non-uni- 
formity of stock, etc. The only way 
to be sure that a gear has uniform 
backlash is to take it out of the ma- 
chine and take a measurement for 
backlash made from its center. Tooth 
thickness must be established from 
its center of rotation, otherwise it is 
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Fig. 8—Chart showing relationship be- 
tween center distance and backlash. 


of no importance. The method of 
operation must be duplicated. 

The best way to check anything 1s 
to approach, as closely as possible, 
the manner in which it is used. When 
a gear is rotated in intimate contact 
with a master, both mounted on a 
variable center distance fixture, and 
their radial displacements are recorded, 
a composite check is obtained. Under 
these conditions, excluding the effect 
of backlash, the gears approach the 
manner in which they operate. Com- 
posite backlash can be measured as 
a center distance displacement. In 
gears of standard tooth proportions, 
the relationship between backlash and 
the change in center distance for each 
one-thousandth of normal backlash is: 
Center distance change equals two 
times the tangent of normal pressure 
angle. The curve of Fig. 8 gives the 
reduction in center distance per gear 
for each one-thousandth inch of back- 
lash per gear for a pressure angle 
range of 14 to 30 degrees. 

There are a number of different in- 
struments on the market for deter- 








mining the composite errors in gear 
teeth. These range from relatively 
simple instruments that are equipped 
with indicating devices for recording 
the radial displacements to the more 
elaborate type using charting devices 
In the latter instrument, the total 
composite error appears as a chart 
similar to Fig. 2, on a strip of paper. 
All of these instruments use circular 
master gears with which the work geat 
is run. The present size range 1s 
fairly broad. Such instruments have 
been made for various types of gears 
such as, external spur and_ helical 
gears, internal spur and helical gears, 
worm gears and bevel gears. 

Paradoxical as it may seem, the 
master gears currently available are 
not as accurate as a great many of the 
gears they are required to check. In 
dustry is continually demanding mor 
and more gears with a degree of pre 
cision that surpasses that of the master 
gears available. Because of this dearth 
of master gears of sufficient accuracy, 
many companies have had to use more 
analytical and slower means of deter 
mining gear accuracy. Gear checking 
procedures are being given energetic 
considerations by instrument builders 
and interesting developments are pre- 
dicted for the near future. 

There are many considerations con- 
nected with backlash in gears—design, 
application, manufacture, quality con- 
trol and others. Some of them have 
been discussed in a very general way, 
in this article. It is hoped that at- 
tention has been directed to the sev- 
eral considerations that must be given 
to this problem and that each point be 
duly weighed in the order of its im- 
portance to the finished product. 


Swiss Designs for Better Coal Utilization 


AN “AERODYNAMIC” gas turbine, in 
which the working fluid is air circu- 
lated under pressure, is one of the out- 
standing Swiss wartime developments 
in the field of gas turbines and steam 
generators, according to a recent Of- 
fice of Technical Services report pre- 
pared by OTS investigator Harold J. 
Rose. Swiss efforts have been aimed 
toward developing equipment for the 
more eftective utilization of coal 

The economic situation in Switzer 
land during recent years has resulted 
in theoretical studies, engineering de 
velopment work, and many commercial 
installations of ingenious methods for 
using energy more efficiently. 

The “aerodynamic” turbine is so 
designed that combustion products do 
not pass through the turbine and al 


most any fuel can be 


used. The only 


}12 


restriction is that the fuel must not 
dirty the heating surfaces in the air 
heater. The Escher Wyss firm, de- 
veloper of the turbine, claims that a 
thermal efficiency as high as 35 per- 
cent can be made possible after fur- 
ther development. Present efficiency 
figures range from 30 to 31.5 percent. 

Commercial application of heat 
pumps is described in the report. These 
heat pumps are used industrially as 
well as for comfort heating and cool- 
ing of homes. In typical pumps, two- 
thirds of the useful heat comes from 
the water supply and one-third is sup- 
With 


plied by the electric power used. 
lower temperatures used in panel or 


radiation heating, it is said that as 
little as one-fifth of the total energy 


needed must come from the electric 


Current used. 


This report contains information on 
gas turbine development at the Brown, 
Boveri firm and Sulzer Brothers. The 
latter firm had a 7,000 shp oil-fired 
marine combustion turbine under con 
struction, but little information 
available during the investigators 
Visit. 


Was 


Two new types of steam generators 
(boilers) that were introduced befo: 
the war have been further developed 
and are now accepted commercial! 
These steam generators are complete! 
described in the report. Also includ 
are discussions of research activities 
the three firms visited. 

Mimeographed copies of the 
page report ( PB-27435) 
Orders should be addressed to: 


cost $1 
Ot! 
of Technical Services, Department 
Commerce, Washington 25, D. C 
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ents and the Engineer 


* PART TWO > 


The final part of this special report discusses specific phases of 
the general problem of patent protection, described in Part |. 
After a patent is issued, new problems arise; the sale and rental 
of patent rights is an important one. Employer-employee relation- 
ships — the question of patent ownership — must be worked out, 
if new inventions are to be stimulated. The author describes con- 
ditions that are met in specific patents — mechanical, electrical, 
design and other types. For those interested in export, a discussion 


of foreign patents is included. 
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a ¢ an i i } O assignable. se 
5. Term of the license. — 
6. Royalties paid—on what basis [‘S" 
Dati 
e and when. ve 
7. Method of accounting and in- | ‘"< 
a e 1 w spection of accounting books. 
8. Marking of the licensed articles | P™ 
“ av 
with patent numbers and manufactur- . 
ing serial numbers. ty 
9. Responsibility of protecting the a 
In drafting a license, a document patents licensed. . 
much more complex than an assign- 10. Responsibility of defending the | 
The patent assignment is an out- ment is used. It involves separate patent against patent infringement J! 
right or contingent sale of all or a part commercial provisions to cover every © suits. vi 
a : ‘ ° i ° ° sor 
interest in a patent or patent applica- possible contingency. Its nearest 11. Notifications by the licensor to |" 
° - - a ° a ‘ haaet Ol 
tion. Its form follows a rigid pattern: equivalent is a real estate lease. the licensee of additional patents and ; 
A statement of the subject matter to be Before starting to write a patent patent applications or inventions es 
: "3 ° ° : ‘ s . » ‘i Nl 
assigned, the name of the assignor and__license, or rental agreement, the 12. Conditions of terms of the ; 
.* . : r ae ‘ ° . ~ “ ‘ * - es Dat 
assignee, the price paid, identification parties should agree on fundamental license in case of default by either J! 
of the property, and the extent to points. The essential points in a__ party. ‘or 
. i . ; - ; ‘ : : pe. 
which the interest is sold. The con- patent license are: 13. Place to which notices can be }! 
° - - - . . . Lo exe 
tingency, if not fulfilled, can cause re- 1. A statement of the names and _— sent that will be binding upon the 
assignment of the interest. addresses of the parties and whether parties. | 
Any part of a patent right can be they are a corporation, an individual, 14. Provisions for renewal of the J © 
+ . “ ° ° 6 ° ° 1S 
rented; this is called patent licensing. or a partnership. license. 4 
This can be done either on an ex- 2. The purpose of the license. 15. Provisions as to price contro! of fF” 
‘ ; : ‘ : : ; . . ; a ag 
clusive or non-exclusive basis, by 3. The consideration for the agree- the licensed subject matter by the ‘h 
° ilt 
agreement. ment. licensar. 
, Py 
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An assignment of a patent or a 
patent application i is a sale of property. 
The owner of such property can as- 
sign: The complete patent for the 
whole United States; the complete 
patent for a specified part of the 
United States; or part of the patent 
for the whole or a specified part of the 
United States. 

An assignment is the sale of all 
rights under the patent, while a 
license is the rental of a right to op- 
erate under the patent for a royalty, 
based on the extent to which an inven- 
tion is made, used, or sold. Both an 
assignment and a license give the 
transferee immunity from suit for in- 
fringement under the patent in ques- 
tion. The practical pm aed betwéen 
an assignment and a license is that the 
former gives the assignee the right to 
sue for infringement, and the latter 
gives the licensee immunity from suit 
for infringement only. Chief Justice 
Taft clarified license rights, holding 
that transfer of the separate right to 
exclude others from making, using, 
and vending, without giving the right 
to the transferee to himself make, use, 
and vend, prevents such a transferee 
from bringing suit by himself. 

The sale of an expired patent, 
coupled with an assignment of the 
right to sue for infringements com- 
mitted prior to its expiration, is valid. 
To constitute an assignment, the ex- 
clusive right to make, use and vend 
must be of the entire patent, and not 
apart thereof. A transfer of less than 
the entire right is only a license, no 
matter what the language used. The 
assignment of the legal title of an in- 
vention, application for a patent, or a 
patent, can be made at any time after 
the invention has been completed. 

The capacity of an owner of the 
patent to assign it is determined by the 
Law of the state where the assignment 
is made. There must be provided in 
the assignment the rights of transfer. 
One of a plurality of executors or ad- 
ministrators can transfer the title to a 
patent. An administrator or executor 
“an assign such a patent, which is per- 
‘onal property, without permission of 


court. The same is true when a patent 
IS iss ed direct to an executor or ad- 
ministrator, after the decease of the 
patenice. The only way a court can 
assign a patent is by a decree com- 
pelling the owner of the legal title to 
execut 


the written assignment. 
An assignment 
acknow 


need not be 
ledged before a notary, but it 
ful in proving the assignment. 
An assignment can be executed by an 
agent, if its principal properly au- 
thorizes the action, but such an assign 
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ment must be in the name of the prin- 
cipal. When an assignment is executed 
by an officer of a corporation he does 
so as the agent of the corporation. 

Many state laws regulate the assign- 
ment of patents, and the giving of 
notice as to such assignments, as well 
as indication that the consideration is 
for a patent. Before an assignment is 
made such state laws should be 
checked. 


Usually an assignment is an uncon- 
ditional immediate transfer of the en- 
tire right, talent, and interest of the 
patent owner, but many assignments 
are conditional. For instance, they may 
require a payment of definite incre- 
ments until the total sum has been 
paid; or payment by royalties instead 
of a fixed sum; or restriction of the 
extent to which the assignee can op- 
erate under the patent; or restriction 
on the assignee assigning his rights. 

A patent may be assigned on the 
condition that the title will revert to 
the assignor under specified conditions. 
These could include covenants regard- 
ing future inventions, guaranteeing 
the validity of the patent, and requir- 
ing the assignor to sign papers to pro- 
tect the title. These are enforceable. 


One who assigns his patent cannot 
afterwards challenge the title of the 
patentee to whom he assigned it. An 
assignor of a patent is prevented by 
law from denying that he has title to 
the patent, but he cannot later contest 
its validity. However, one who as- 
signs a patent does not guarantee that 
it is valid, unless he specifically agrees 
to it. 

An assignee of a patent cannot 
make claim later against his assignor, 
that the patent is invalid, unless there 
is fraud or a guarantee of validity. 
If there is a provision in the license 
contract by which the licensee agrees 
not to contest the validity of the 
patent, this provision may be invalid 
under certain conditions. 

When a patent application is as- 
signed, there is no warranty that a 
patent will be granted; there is no 
implied warranty of commercial 
utility. 


Many interesting questions arise as 
the result of a patent being owned by 
joint patentees. Such ownership is in 
equal parts; each has a one-half un- 
divided interest in the patent. Re- 
ceiving the entire title of one of two 


joint patentees can be considered the 
same as receiving an undivided one- 
half interest from a sole patentee. 

There is no accounting for profits or 
other income between co-owners of 
a patent. Recoveries from infringers 
are divided in proportion to their un- 
divided interests, but this rule is not 
settled. However, it is wise for joint 
patentees to have an agreement settling 
their rights and accountings between 
them. 


This question arises because of a 
special relationship such as employer- 
employee. There are three usual con- 
ditions in this field: Employment to 
solve a particular problem, which re- 
sults in the invention; general employ- 
ment, with an invention resulting from 
requiring the employee to solve a spe- 
cific problem; and general employ- 
ment where the employee makes the 
invention outside of his line of duty, 
but on his employer's time and using 
his materials. 

In the first situation the invention 
would belong to the employer. In the 
second, where the function of the em- 
ployee’s department was to invent, the 
court held that the fruits of his en- 
deavor belonged to his employer. In 
the third, the invention belongs to the 
employee, with a shop right to the 
employer. 

When the employee uses the time 
and materials of his employer in the 
course of his duties, the employer has 
an implied license or at least a “shop 
right.” However, the mere fact that 
an inventor is hired to do research 
work does not render all of his inven- 
tions the property of the employer, 
unless covered by his contract. 

An employee can make a contract to 
assign his inventions, but he cannot 
avoid that contract by making the in- 
ventions while off duty. 


Federal laws and the rules of prac- 
tice of the Patent Office provide that 
before a patent can be granted, issued, 
or reissued to a person other than the 
patentee, any assignments of it must 
first be recorded in the Patent Office. 
This means that the new owner will 
not receive the patent in his name as 
owner unless his assignment is on 
record before the Patent Office issues 
it. 

To prevent fraud, federal statutes 
provide that any subsequent purchaser 
or mortgagee of a patent (for a valu- 
able consideration) will be deemed 
the owner if it is recorded in the 
Patent Office within three months 
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Securing a patent is only the first—and perhaps the easiest—step in reaping the 
reward of an invention. Inventors should consider carefully which is the most 
expedient method of getting the patented product before the public. 


from the date of the transaction. If it 
is not recorded, a subsequent innocent 
purchaser or mortgagee will have the 
prior right. 

However, an unrecorded assignment 
made between assignor and assignee 
is good against infringers. Records of 
contracts agreeing to assign licenses 
can be recorded, but these do not con- 
stitute constructive notice of the exist- 
ence of a license. 

Before any license or contract is 
entered into, the assignee should have 
his lawyer check the assignment rec- 
ords, and require a certificate or war- 
ranty from the assignor that he has the 
right to assign or license. 

The Patent Office recognizes the 
assignees of the entire interest for the 
whole of the United States and as- 
signees of an undivided part of the 
patent or application for the whole 
United States. 

In interference proceedings between 
two applications, to see who is the first 
inventor, the assignee controls such a 
proceeding, and it neither cannot be 


terminated or avoided without his 
consent. 
Licenses have no statutory basis. 


They operate purely under contract 
law. A license is a form of rental of 
personal property. 

A license is binding any time the 
contract is signed, whether the inven- 
tion is made or not. Usually a license 
is not signed until after the invention 
covered by it has been reduced to prac- 
tice, either constructively by filing an 
application, or actually by building 
and successfully testing the invention. 
Contracts agreeing to grant license to 
future inventions are valid, if subject 
matter and time are limited. 
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There are several ways for a license 
to be “implied”. A license is implied 
by the federal statute providing that 
the United States government can use 
any invention if it makes reasonable 
compensation. A license is implied on 
articles constructed or acquired before 
the application for a patent or issuance 
of a patent. 

If an article is made and sold with 
the consent of the patentee or his as- 
signee, before the patent issues, there 
can be no claim against the purchaser 
after the patent issues. 

When a person buys an article out- 
right from a patent owner or his licen- 
see, the law implies the right to use or 
sell to others to use, but does not give 
any right to reproduce the article. 
There is an implied right to repair an 
article so purchased, but not to recon- 
struct it. There is no implied require- 
ment that the repair parts must be 
bought from the patentee. The pur- 
chase of an element of a patented com- 
bination does not necessarily grant a 
license to use the entire patented com- 
bination. For instance, the sale of a 
lamp base, with the express agreement 
that it did not constitute a license un- 
der lamp patents, has been upheld by 
the courts. 

An implied right to make, use and 
sell may come from an implied license 
arising from an employer-employee 
relationship. 


Royalties or rentals are based either 
on the manufacture, use or sale of a 
patented article, or on a combination 
of unpatented and patented articles, 
according to convenience of account- 
ing. They can be based on volume 
or value of production, number of 
articles produced, amount manufac- 





tured, amount sold, or any other com. 
mercial basis. 

When a number of patents are con. 
cerned, a royalty can be divided ac. 
cording to the relative value of 
plurality. Royalty agreements can 
specify maximum and minimum pay. 
ments. The period during which the 
royalties are paid is usually the life of 
the patent, unless otherwise specified 
Royalty agreements can be made for 
limited periods, before or after the 
patent is issued. However, such an 
agreement cannot be repudiated if the 
patent later proves to be invalid, unless 
there is a provision in the contract 
covering this int. A licensee may 
even be forced to pay royalties after 
the patent has expired, under certain 
conditions. 

The field within which royalties 
must be paid is determined by the 
scope of the patent claims. One who 
represents to the public that subject 
matter outside of the scope of the 
claims is within the claims of the 
patent, cannot later avoid responsi- 
bility for paying royalties on that 
patent. 

Licenses can be terminated either by 
expiration of the patents, the terms 
specified in the contract, the option to 
terminate for default of royalty pay- 
ments described in the contract, or for 
failure of paying the specified con- 
sideration. It is usual to provide in de- 
tail the grounds for termination. The 
license can be terminated by law, re- 
sulting from widespread infringement 
which the patentee has not stopped or 
cannot stop. 

Licenses can also be terminated be- 
cause of refusal of the licensor to sup- 
ply the articles licensed, unreasonable 
delay in supplying them, false repre- 
sentations as to the character of the 
patented article, or its validity. After 
a license has been terminated the 
parties are free to act as if the con- 
tract had not existed. Thus, the forme: 
licensor can sue the licensee for paten: 
infringement. 


There exists a popular misconcep 
tion that cross-licensing is illegal. Ac- 
cording to a court decision: “An inter- 
change of patent rights and a division 
of royalties according to the value at- 
tributed by the parties to their respec: 
tive patent claims is frequently neces: 
sary 1f technical advancement is not te 
be blocked by threatened litigation. 


However, an agreement for cross 
licensing and division of royalties 
when used to effect a monopoly or to 


agree upon and fix prices, violates the 
Sherman Anti-Trust Act. Thus, 
patentee or patent owner can fix prices 
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as he pleases, but he cannot agree with 
his licensee on prices or effect price 
conirol by cross-licensing. 
Advantages of cross-licensing are 
felt by four groups: 
1. The patentee. A patent can be 
extremely valuable when combined 
with other patents, yet commercially 
of little value by itself. Also, there 
can be an interdependency of values, 
sometimes leading to a ‘“deadlock”’. 
Thus, the patentee who puts his patent 
in a “pool” receives the benefit of 
other patents. 
2. The manufacturer receives the 
benefit of multiple research and is en- 
abled to adopt the most efficient and 
economical operation and _ devices 
without restriction from all patented 
ideas in the pool. Also, he can devote 
his energy to improvement and sale of 
his product without fear of litigation. 

3. Industry is benefitted by stand- 
ardization, increased efficiency and im- 
proved quality. 

1. All these benefits are passed on 
to the consumer in the form of a better 
product at a lower price. 


Various trade groups have adopted 
cross-licensing arrangements: 

The basic patent issued to the 
Wright Brothers was broad enough to 
cover the warping of the airplane sur- 
faces, or the use of rigid plane sur- 
faces, and the movement of portions 
of these surfaces known as ailerons. 
Curtiss later developed the improve- 
ment of the aileron. The courts held 
that this improvement came within the 
dasic Wright patent and Curtiss could 
not use the aileron. However, the 
Wright Brothers did not develop the 
aileron and would not have been able 
to use it because of the specific patent 
owned by Curtiss. Thus the public 
was the loser. 

_The Manufacturers’ Aircraft Asso- 
‘lation acts as a cross-licensing agency. 
Any airplane manufacturer can join 
and have the use of all patents cross- 
ucensed. The Wright and Curtiss 
patents were classified as Class ““A”’ or 
asic patents. These were the only 
patents classified as basic patents. 
Patents classified as Class “B” are 
Subject to royalties set by an arbitration 
Soard. Those in Class “C”, improve- 
ment patents, require no compensa- 


“on. Each member pays one-fourth 
of one per cent of the selling price to 
‘Over administrative expense. 


The Government has a non-exclu- 


Wve license to manufacture under the 
patents cross-licensed and_ it pays 
royalties only on Class ‘‘B” patents. 

Cross-licensing agreements were 
adopt by the automotive industry 
When i: was in the development stage. 
Prony 


t ENGINEERING — JuLy, 1948 











| TRANSFER OF PATENT RIGHTS 











| Assignment | 
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Part One of "Patents and The Engineer” 
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Responsibility of protecting the licensed patents should be defined in the license 
agreement. An assignment carries with it the right to sue for infringement; 
“automatic” protection in a license is negative—immunity against being sued.. 


A trade association of the automobile 
industry was formed in 1915. The 
pool included 547 patents in 1915 and 
1687 in 1930; 1058 were still alive 
in 1935. 

Since 1915 there has not been a 
single lawsuit between automobile 
companies. In a sense the automobile 
has been patented 175,000 times, yet 
relative technological peace prevails. 


Territorial allocation and suppres- 
sion of transocean traffic cannot be 
justified as ancillary to the grant of a 


license under a patent. The courts have 
ruled that: “Agreements creating a 
world-wide patent pool of all present 
and future patents of the parties, cov- 
ering an entire industry, and embrac- 
ing a division of the world into exclu- 
sive territories within which each of 
the parties is to confine its business 
activities, with respect to patent pro- 
tected commodities, as well as un- 
patented, for the purpose and with 
the effect of suppressing imports into 
and exports from the United States, 
are unlawful under the Sherman Act; 
they constitute an unreasonable re- 
straint of trade.” 


Who Owns a Patent? 


THE COMPLICATED ASPECTS of patent 
ownership (see the accompanying 
chart) usually arise from employer- 
employee relationships. 

The fundamental questions to be 
considered are: 

1. Is the inventor employed to 
invent ? 

2. Does the employee have a con- 
tract to assign his inventions? 

3. Is inventor an executive of the 
corpartion claiming the invention ? 

4. What is the position of the em- 
ployee, without a contract to assign 
inventions in “line of manufacture’, 
who does all the work on the inven- 
tion on his own time and at his own 
expense ? 

5. What is the situation when the 
employee has a contract to assign his 
invention, but invention is outside the 
company’s line of manufacture? 

6. What is the situation of an ex- 
ecutive with no contract to assign in- 


ventions, and the invention is outside 
of the company’s line of manufacture ? 

Some of the fundamental kinds of 
ownership that arise in this connection 
are: 


(a) Outright ownership by em- 
ployer. 

(b) Non-exclusive license to em- 
ployer. 


(c) ‘Shop right’’ to employer. This 
is the right of a company to continue 
to manufacture, use and sale of an in- 
vention in the particular shop in 
which the employee was loc ated when 
he made the invention. Such a right 
is personal to that particular shop and 
disappears when the shop is sold. 

(d) No ownership by employer. 

(e) Exclusive ownership by em- 
ployer. 

One of the critical questions to be 
considered is whether the inventor 
was doing the work on the company’s 
time or on his own time, and whether 
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he did the experimental work and the assignment of his patent, and, failing in a position of trust and doubi 


final building of the completed ap- 
paratus at his own expense or at the 
company’s expense in the company’s 
plant. In Heywood-Wakefield Com- 
pany v. Small, 87 F. (2d) 716, Small 
was employed as a draftsman and later 
was promoted to the position of 
checker for the employer company 
which manufactured car seats for 
trolley cars and railroad coaches. The 
terms of his employment contained no 
reference to inventions. 

The plaintiff knew that the 
car seat base then manufactured by the 
defendant was unsatisfactory. The 
plaintiff's invention, however, was 
suggested to him by the mechanism 
of an electric toaster at his home. He 
worked on his idea at his home out of 
working hours and finally envolved 
what he confidently believed to be a 
satisfactory reversible car seat base. 
He made a blueprint and a cardboard 


model of his invention which he 
brought in and showed to Mr. Eickel, 
the head man in the checking de- 


partment. .The next morning the 
plaintiff brought in what is termed 
a cigar box model, which the plain- 
tiff had made at his home from thin 
board. 

Defendent’s engineer advised him 
to put it in as a suggestion, to which 
the plaintiff replied that he did not 
consider it a suggestion and that he 
was not going to put it in until he 
knew what he was going to get for it. 

“When, however, the officials of 
the defendant company had satisfied 
themselves that his invention was 
practical and solved their problem, 
they made every effort to secure an 
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in that, sought to claim an absolute 
‘shop right’.” 

The Court found that «aoe 
record does not sustain the defend- 
ant’s contention that it was entitled to 
a ‘shop right,’ as a matter of law. 
... It follows that the defendant was 
not entitled to an assignment of the 
patent.” 

Another important question 
whether the invention is within or out 
side the “line of the company’s man 
ufacture’’. This question often arises 
because the company wants to go into 
new lines, although it had not been 
manufacturing that particular “‘subject 
matter’ at the time the invention was 
made by its employee. 

Generally, the law favors the in- 
ventor. The theory is that the corpo 
ration is at fault if it is not diligent 
in having proper contracts with its 
employees. The opposite rule applies 
when the employee is an executive. 
The courts say that the executive is 
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“We consider that the product of 
the employee’s brains, while he is 
on the company’s time and making 
use of the company’s plant, be- 
longs to the company to the extent 
indicated. But (if the company 
decides not to have the article 
patented) the employee-inventor 
free market his invention 
anywhere else even to 
competitors.” 


is to 


our 


—Executive of the 
Postal Telegraph Company 











should be resolved against him, be 
cause he is im a position superior t 
that of the corporation. 

It is generally presumed that if a 
executive makes an invention, eve 
though he has no contract to assigt 
inventions, and invention withit 
the line of the company’s production 
it belongs to the company. It is as 
sumed that the executive got his idea 
from the company employees an 
from the company business. 

It is wise to take some timely pre 
cautions with respect to the ownershif 
of inventions. No company should 
employ anyone without a written con 
tract stating what happens to inven 
tions that employees make. This con 
tract should limit time and_ subject 
matter, and it should clearly define 
the rights of both employer and em 
ployee. 

If ‘outsiders’ are employed 
as research laboratories, development 
organizations, special model makers 
or machine shops for making particu 
lar equipment—the purchase contra 
for this service should contain suitable 
provisions settling ownership of an 
resulting patents. 

If there is no contract, complicate 
legal considerations, indicated in tl 
Here the rule 
of law come into play, usually requitt 
settlement as a result of court actiot 
which is tedious, expensive and uf 
certain in its result. It is much easie¢! 
to forestall these difficulties by pt 
viding for disposition of the right t 
inventions at the time employment ' 
undertaken. This should be b 
tract. 
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con 
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In order that we ma 


x y know exactly to what 
LaNuracn * Suggestion applies, please state all information ood 
sible such as the name of the part or article, the 
=. { How to Stimulate seme io rope 
. Oo which your suggesti 
a | ae and floor number. a a 
: ve} Ad emember that all suggestions th 
| Ma- | ky © will he ontd Gor inenah Ss that are adopted 
nery €ep your acknowledgments and refer t 
© 1 Invention MpPlOVees seks ee ze 
— _ a separate sheet for each one. 
A _ Un the reverse side of the sheet you will find a 
summary of the kind of suggestj j 
. appreciate and like to nee a on 
METHODS FOR REWARDING inventive for instance, discontinued the sugges- ae ee 
A effort fall into two distinct categories: tion system because it felt that shop I respectfully submit the following suggestion: 
(1) Rewarding members of the de- workers were seldom in a position to 
\ velopment, experimental or other know what improvements were needed. Rec'd 
department specifically charged with In that industry the development o: Ack'd 
inventive functions; and (2) reward- mew inventions usually comes about Accpt’d by Com. 
or C ing production or other workers, through the needs of the market. The Ret'd by Com._ 
whose duties do not include develop- suggestions to meet these needs come Suggestor Not'fd._ 
ment of invention. from men who are intimately ac- ene sie 
or B | RB quainted with the new conditions seeeccccrccoccocesecccece Re -remeeneuap hee 
salesmen, general executives or the - Suggestion No 
> . ° - ease i : 
ite engineering department itself. a mo" name in full also give your Payroll 
The Standard Oil Company utilizes Name ... Dept 
Companies that maintain regular both department and individual in- Factory .......... Payroll No 
invention departments seldom directly _ ventive effort. The company has con- 


id doubt 


reward men employed specifically to 
invent. But they usually find ways to 
stimulate them indirectly. Typical of 
most are the methods used by the 


tracts with the employees of its de 
velopment department which bind 
them to turn over to the company all 
inventions relative to the company's 


Easily available suggestion forms are a 


him. be National Cash Register Company, business. Employees of other depart- proven method of stimulating inventive 
uperior ' described by a member of the patent ee are not required to sign such ideas in employees who are not members 
department: “Most of the important contracts; those employees are urged — of the inventing department. 

that if af inventions are made by the several to send in suggestions to a coin your 

ion. eveq fegular inventors who spend all of ideas contest. Awands for the best . | 

to assigr their time improving Our registefs. suggestions are made Dy a committee patent department at its own expense 
‘a ected The problems upon which they work on which the development department in return for a license. Phe inventor 
; - Ff are usually assigned to them. is represented. may dispose of the remainder of his 

“: ore Each inventor is assisted by from two Although the development or in- rights as he sees fit. His effort is 
bi den to five draftsmen of the best ability in venting department should be repre- noted on his record of efficiency, and 

Aa pee our entire drafting force. . These sented on the committee that awards is often reflected in a special bonus ot 


imely pre 
ownership 
ny should 
ritten con- 


assistants generally develop a _ very 
strong desire to become inventors in- 
dependent of any supervision. This 
hope of promotion stimulates them to 
make suggestions independent of their 
regular assignments. We get some of 


prizes, the entire decision should not 
be left to such a department. 

When a suggestion is turned down 
as impracticable, many concerns make 
it a point to explain the reason to the 
inventor, in a personal interview. In 


increase of salary or authority. 


There are two ways of handling 


Mog aes \ ( suggestions: A contest in which those 
This con-{ our best inventors from this source.” this way, many inventions that at first submitting the most valuable sugges 
1d subject The Eastman Kodak Company does seemed useless have been found to be _ tions receive prizes; and paying for all 
rly define] Mot directly reward the members of its valuable. These talks also help to valuable suggestions. The second is 
> and em research laboratory or development guide the employee's efforts along more successtul. 

department, but notably good work is | more practical lines, enabling him to Several methods of paying for sug 
yed—suct encouraged by an appropriate salary make valuable suggestions. . gestions have been tried by the Eas 
velopmen increase. This automatically becomes An iron works in Pennsylvania has man Kodak Company. It has finally 


>| makers 
1g particu 
e contract 
in suitable 
Ip of an\ 


mpi ated 


an indirect bonus, since the company 
bases wage dividends and stock dis- 
tribution on the employee's salary. 
The company considers it undesirable 
to provide a bonus for inventions in 
the research department, as it believes 
the practice would encourage abnormal 


an interesting idea for stimulating em- 
ployee inventions. Whenever one of 
its employees invents anything of 
value, it automatically secures a license 
from the inventor but takes out the 
patent in the name of the employee. 
It then permits him to dispose of the 


adopted the practice of awarding sug 
gestions monthly, whatever they are 
worth, provided there exist suggestions 
worth awards. They have not re- 
stricted the amount to any set sum. 
In most concerns the foremen are 
barred from receiving rewards for their 


ed in thef Secrecy and jealousy, and would dim- invention to others, and puts its suggestions. In Eastman Kodak Com- 
ie ele inish the teamwork that is essential for | money and patent department back of pany, foremen are given a money 
ly re quire Maximum results. him. Ot course, his concern gets its award for suggestions which do not 
tae license free, but the fact that it loyally directly concern their department. For 

nl a protects its employees has had excel- suggestions which do concern their de- 
‘ach easiet | lent results. partment, they are given credit on 
s by pr A hough most large firms make ac- An matoenobile company has a some- their record cards which are reviewed 
» right te tive use of the “individual suggestion what similar plan. Even though the periodically by the manager. The Na 
loyment is system, many have abandoned it in invention of an employee is not and tional Cash Register Company bars 
o ty ae fave of an organized invention plan. may never be of immediate value, it from contests all foremen, job fore- 

The International Harvester Company, takes out the patent through its own men, section and department heads. 
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Complex products such as calculating machines are usually 
patented by breaking them down into “subcombinations.”’ A sub- 
combination is a combination of parts, forming a structure that 
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accomplishes a specific function. Subcombinations can be pat- 
ented separately; each functional subcombination, as well as the 
entire product, should be adequately described and claimed. 


Special ‘Types of Patents 


Modern business machines such as 
tabulators, cash registers, adding ma- 
chines, mathematical calculators, and 
complex navigation instruments are 
typical of the complex products that 
must be patented. 

Calculating machine patents, often 
appearing impossible to prepare, can 
in reality be described, illustrated and 
claimed in a simple manner. To do 
this, a careful study of the subcombi- 
nations comprising the machine is 
made. The functions of the machine 
are studied, determining which  sub- 
combinations perform these functions 
and secure specific results. 


The drawings should show the 
complete machine from different 


angles, and on different sections. After 
these assembly drawings have com- 
pletely illustrated a machine, a skill- 
ful draftsman should illustrate the 
subcombinations in separate views, 
that they can be separately understood, 
described and claimed; and he should 


120 


make diagrammatic views showing 
mechanically, electrically, | pmeumat- 
ically or hydraulically how the ma- 
chine operates. He should do this, 
also, for the subcombinations and as- 
sociate the simplified diagrammatic 
views, preferably in isometric perspec- 
tive, with each subcombination that is 
claimed. 

The object of this type of descrip- 
tion is to make it possible for a 
United States Court, presided over by 
a non-technical judge, to understand 
readily how the machine operates, 
even though it is a complex machine 
when considered as a whole. 

A recording type of taxicab meter, 
for instance, has from three to five 
thousand parts within a box approx- 
imately fourteen inches long, and six 
inches square. It takes many sheets 
of drawings and many more sheets of 
description and claims to illustrate 
correctly for the Patent Office, the 
courts, and the public, the contents 
of such a small container. But, it 
is done understandably by breaking 


down the intricate 
subcombinations. 

When drafting claims on such com- 
plex machines, this procedure is fol- 
lowed: 

1. The machine is claimed 77 soto, 
as to its functions in terms of certain 
mechanisms that perform the func- 
tions. A typical claim reads as fol- 
lows: 

“In combination, means to feed a 
recording strip, means to print on 
such strip, means to actuate and cal- 
culate indicia registrations ultimately 
to be printed on such strip and means 
of ejecting and severing such strip 
from the machine.” 

2. Method of performance of the 
machine is claimed broadly: 

“In a method of calculating and 
printing the results of calculations, the 
step (a) of initiating by pre-deter- 
mined setting of the machine the pres- 
entation of calculating factors; the 
step (b) of actuating the machine to 
take from said calculating factors the 
end calculated result; and step (¢) 


mechanism into 
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bf printing the calculated result.” 

3. There are many subcombination 
daims. Following is a typical claim 
of this type: 

“In a subcombination in a machine 

for registering taxicab fares com- 
prising a printing mechanism having 
plurality of printing wheels; means 
_ feeding a strip of paper relative to 
the printing wheels, means for inking 
indicia appearing on the face of said 
printing wheels, and means of alter- 
nately inking said indicia with the 
inking means, and pressing the paper 
against the inked indicia on said 
wheels.”’ 
Such machines can embody a com- 
bination of electrical mechanisms, elec- 
tric circuits, electronic mechanisms and 
circuits, hydraulic or pneumatic actua- 
tors, and various mechanical move- 
ments. It is possible to claim in 
combination any or all of such means 
of producing results. 

In such mechanisms as the Interna- 
tional Business Machines tabulator, 
which is a combined mechanical and 
electrical machine, certain of the pat- 
ents could cover the combination of 
electrical and mechanical functions, 
while other patents are devoted specif- 
ically to one or the other. Thus, the 
secret of protecting a complex ma- 
chine is to break it down by function 
and mechanism into subcombinations. 

The courts have developed a num- 
ber of special rules applicable to such 


machines. For instance, in a heel seat 
lasting machine, which forms and 


wipes the leather of the upper of 
shoe over the bottom of a heel, be- 
fore applying the heel, and tacks the 
upper in position prior to the placing 
of the heel on the shoe, the Supreme 
Court of the United States has held 
that it is correct practice to state the 
broad features of an old machine and 
claim in combination with that old 
combination the specifically new fea- 
tures that have been added to the com- 
bination as an improvement. 

On this type of claim, the Court 
said: 

‘ claims refer to ‘a lasting 
mechanism of the class described hav- 
ing, in combination. . . Other 


claims read: ‘In a machine of the 
class described, the combination. . . .’ 
Such preliminary statement is com- 
monly and properly used to specify 
the type of machine in which the 
claimed subsidiary combination of ele- 
ments works on improvements over 
the prior art. In describing the novel 
combinations embodied in the claims, 
i was necessary to make reference to 
certain portions of the machine in 
Conne tion with which the new com- 
binations were to operate and with 
whic] they were to dovetail, but, in 
Proj 
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mentioning these other mechanical 
parts, the claim does not purport to 
embody them as elements of the 
claimed combination. To construe 
such a claim for a combination of new 
elements intended to be embodied in 
some well recognized mechanical ag- 
gregation, such as a sewing machine 
or a washing machine, as a claim 
covering all the mechanical details, 
or all the well known parts of the ma- 
chine, would be to nullify every pat- 
ent for an improvement in a type of 
machine long in use and would in- 
validate thousands of patents for im- 
provements in standard machines. . . .” 


Typical subcombination claims have 
been passed by courts, with varying 
results. 

Claims should not merely recite ag- 
gregations of non-cooperating parts; 
true combination should be shown be- 
tween the selective mechanisms, mak- 
ing the claims patentable. 

To be allowable, a subcombination 
must include sufficient structure to ac- 
complish the function stated. The 
method of bringing the subcombina- 
tion into cooperative relation with 
other parts usually indicates how the 
subcombination effects a useful result. 
The subcombination need not be op- 
erative alone, because “‘utility is justly 
ascribed to things which have their 
use in cooperating with other things 
to perform a useful work.’’ When 
the subcombination can be separated 
from the entire combination, it can 
be separately patented. A court de- 
cision stated that: 

“In chemical cases it has sometimes 
been held that disclosure of given 
number of elements cooperating for 


fixed purpose will not support claims 
to lesser number of same elements de- 
signed for accomplishing same or dif- 
ferent purpose, but in mechanical 
case general rule is that one is en- 
titled to claim subcombinations of 
structure disclosed whether they have 
independent utility or not and whether 
or not original claims are drawn to 
such subcombinations.”’ 

In part I of this report (June 
PRODUCT ENGINEERING) an aggrega- 
tion was differentiated from a combi- 
nation, as being a mere collection of 
parts. However, there are parts in- 
tended for ‘‘alternate’’ use, which are 
not mere aggregative parts. The keys 
of a typewriter, the keys and stops 
of an organ and variable speed trans- 
missions are examples. 

Elements for accumulating a series 
of numbers, totalizing, and printing 
both the individual items and _ the 
totals are incorporated in a single 
claim. If all the elements of the claim 
contribute to the production of a 
single result, the claim is not usually 
considered aggregative. 


A claim using the word “combina- 
tion” and describing overload and 
underload circuit breakers with at- 
tendant electro-responsive means and 
a rheostat, means just that the circuit- 


breakers are applied to the same rheo- 


stat; there is no cooperation of the 
circuit-breakers, and the claim is in- 
valid. 


Claims to a photoelectric tube, and 
means for forming on a photosensi- 
tive unit of the tube an optical image, 
represent a true combination rather 
than an aggregation because there is 
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True combinations must be more than a 
mere collection of parts. An example of a 
valid mechanical-electrical combination is 
this electric motor and support, which has 
separate bearings for rotation of the arma- 
ture shaft and field winding housing in 


either direction, by means of two gears. 
One gear is fixed and concentric with the 
housing; the other is keyed on a shaft 
that is journalled in the support. The 
gears engage continuously, and power is 
taken directly from the armature shaft. 
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Dimensions cannot be used as the basis for 
patents, unless a change in dimension causes 
a qualitative change in performance of the 
product. Patented products based on “‘criti- 
cal” dimensions vary from ball bearings to all 
types of weighing and metering devices. 
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cooperation between the optical sys- 
tem and the photosensitive element 
of the tube. A furnace stoker opera- 
tion controlled by an independently 
operable thermostat constitutes a com- 
bination and is patentable. 

An applicant for a patent can claim 
a regulating system itself or in com- 
bination with an electrical circuit, 
where there is mutual action and the 
system has no separate utility. Claims 
to a multi-operation washing machine 
and controls were not held aggrega- 
tive, because the separate motor for 
driving the switch was merely a spe- 
cific detail in the general control 
mechanism. ‘Merely’ adding means 
for conducting electric current to the 
motor to the means for forcing lu- 
bricant to the bearings was not re- 
garded as aggregative. Coupling of 
a motor that will run any kind of a 
machine to a machine that will run 
with any kind of a motor is not in- 
vention. 

When determining infringement of 
complex mechanisms, the alleged in- 
fringing mechanism is rarely precisely 
like that of the patent. A court com- 
mented on this question as follows: 

“Where an invention is one of a 
primary character, and the mechanical 
functions performed by the machine 
are, as a whole, entirely new, all sub- 
sequent machines which employ sub- 
stantially the same means to accom- 
plish the same result are infringements, 
although the subsequent machine may 
contain improvements in the separate 
mechanisms which go to make up the 
machine.”’ 

One of the problems in complex 
machine patents is to determine which 
prior patents and publications are ap- 
plicable and not applicable. If you 
find an earlier patent in the cash reg- 
ister art or in the calculating machine 
art, would it “anticipate” a somewhat 
similar mechanism for a wholly dif- 
ferent purpose in the automatic tele- 
phone art? 

In International Standard Electrical 
Corporation v. Ooms, a patent applica- 
tion for a calculating device, composed 
of parts used in a telephone exchange 
system, was held to be new because 
it was not clear to persons skilled in 
the calculating machine art although 
it was clear to persons skilled in the 
automatic telephone art. What was 
known in the calculating machine art 
would not necessarily be known in the 
automatic telephone art. Commis- 
sioner Ooms (no longer in office) 
was reversed. 

The Supreme Court has held that 
control of a part cannot be used to 
enlarge an already acquired control 
of the whole. A patent on the com- 
bination embodied in the complete 


machine, without the allowance of the 
subcombination claims would no pre: 
vent the free use of the subcombina 
tion. 

The Supreme Court has also ruled 
that it is not improper to have a pat. 
ent on a broad combination and also 
a patent on the subcombinations. Also, 
it is mot improper for the owner of 
the patent to manufacture merely 
under the subcombination patent. 

The fact that either the main pat. 
ent or the subcombination patent o: 
both is not used by the patentee o: 
the owner of the patent does not af 
fect the validity of the patents. 


Dimensions are generally regarded 
as not patentable or being subject t 
monopoly. It is generally true tha’ 
a mere change in dimension does no: 
usually cause anything other than the 
natural result. However, there ar 
many exceptions to this rule. . 

When the diameter of a carbon fila 
ment in an electric light differed fron 
an earlier carbon burner by only 1/6: 
in. or less, the patent was sustained. 

In the weighing scale industry 
where accuracy is essential to success 
a patentee made his integrating drun 
lighter than any previous worker it 
the art, changing failure into success 
This, the court said, was something 
more than a matter of magnitude, be 
cause unreliable automatic computing 
scales were no scales at all, and a re. 
liable automatic scale was a new mech 
anism worthy of protection. In_ that 
patent, thickness of the aluminun 
frame and the paper cylinder wert 
not specified, but the patentee sai 
that the skeleton frame should be re 
duced to the minimum thickness tha’ 
would support the integrating 4 
inder; he further specified that the 
cylinder be of the thinnest paper that 
could then or thereafter be found 1 
the market, stiff enough to retain It 
shape when attached to the frame. The 
court said that these were clear an 
definite instructions as to how to pra 
tice the invention, and the patent wa 
sustained. 7 

Another patentee provided a wide 
spacing of teeth on one edge ot 
hacksaw blade than on the oppos! 
edge. This improvement produced 
result that was outstanding and so ul 
obvious to one skilled in the art 
the court said it was invention. | 

One of the most interesting of 2 
“magnitude” cases was that of Amé 
can Ball Bearing Company v. Fin 
which can be best expressed in 
language of the court: ; 

“What Baker did was to taxe ! 
Jury. 19% 
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common ball bearing hub, which he 
found in use in connection with the 
ordinary steering knuckle, and to move 
his spoke line or traction line from 
the center of the hub or its inner end, 
so that his spokes were mounted di- 
rectly over his inner ball bearing. In- 
cidentally, and as perhaps the natural 
step in connection with such mount- 
ing of the spokes, he made the inner 
balls larger than those at the outer 
end of the hub. In this way he 
reached a compromise between the 
old and common form, having exces- 
sive length in the short lever arm, 
and theoretically perfect, but prac- 
tically undesirable, Faure form. He 
materially reduced the practicable 
length of this short arm. He mini- 
mized the disadvantages of the old 
form and the steering difficulties in- 
herent therein, and he approximated 
the theoretical advantages of the Faure 
form, while avoiding the construc- 
tion difficulties which had discouraged 
its use. We are convinced that this 
was invention. There is no way to 
demonstrate the rightfulness of such 
conviction... .” 

In the case of Northern Equipment 
Company v. McDonough Automatic 
Regulator Company, there was an in- 
crease in the degree of inclination of 
a mechanism accompanied by an ap- 
propriate mechanical adjustment to 
get the desired result. But this, the 
court said, was only an_ indication, 
and not a cause of invention, for the 
reason that the invention lay in the 
discovery of a theory of operation 
which was new. The mere slight 
change in the degree of inclination 
was merely the physical execution 
of the fundamental discovery which 
should be protected even though the 
means of carrying it out was only a 
very slight change of dimensions. 

This case illustrates a curious prin- 
ciple in patent law. A mechanical 
thing may be simple, but if the in- 
vention concept underlying it is fun- 
damental, then it will be given broad 
protection as the physical embodiment 
of carrying out the invention. 

The rule to observe in dimension 
patents was determined by the court 
in Bullock Electric Manufacturing 
Company v. Westinghouse Electric & 


Mfg. Company: “When the novelty 
of an invention consists in the dimen- 
sions or the material of the new thing 
devised, the patentee must specify 
the particular dimensions or the par- 
= material his invention contem- 
plates.”’ 


Ihcre is no difficulty in patenting 


an invention that is defined in terms 
of dimension or proportions, provided 
the dcfnition is specific, accurate and 
Essential to success. 
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The effort to protect profitable busi- 
ness in materials that are dispensed 
by patented machines forms a large 
chapter on the history of patent litiga- 
tion in the United States. This litiga- 
tion has given rise to a new and differ- 
ent set of rules. 

Any attempt to combine, in a single 
patent, coverage on the machine and 
the material that is dispensed by 
the machine or passes through it is 
doomed to failure. The attempt to 
profit from a patent on a machine 
which dispenses material, not from 
manufacturing, leasing and selling the 
machine, but from the control of the 
material dispensed by the machine, 
is likewise | Retin to failure. This 
is true whether the material 1s covered 
by a patent or not. 

If it is desired to control the product 
of a factory such as paper, salt tablets, 
dry ice or any other article of manu- 
facture, the only way it can be done is 
by independent patents, and to use the 
patent laws in their normal way for 
such protection. 

An owner of a patent cannot exact 
as a condition of the license that un- 
patented material used in connection 
with the invention shall be purchased 
only from the owner of the patent. 
Any provision that restricts free use 
of the machine under the terms of sale 
of the license will result in the tem- 
porary suspension of the patent rights. 

However, the government cannot 
cancel patents, force their sale or ap- 
propriate them in an action for viola- 
tion of the anti-trust laws, nor may 
any court in a private litigation take 
such drastic remedies. The courts can 
only exact penalties and conditions for 
the further use of patents, until their 
wrongful use is ended. 


In 1943, the Supreme Court had be- 
fore it the question whether Marconi's 
wireless discovery was legally an in- 
vention. The problem of the Supremc 
Court was to judge, forty years after 
the date of making the invention, 
whether Marconi’s action was that of 
an electrical mechanic, or of a genius 
working beyond the mere skill of his 
art. The particular advance considered 
by the Supreme Court was the use of 
two high frequency circuits in the 
transmitter and two in the receiver. 
All four circuits were so adjusted as 
to be resonant to the same frequency 
or multiples of it. 

Marconi’s objective was to increase 
the efficiency of transmission and re- 





| 
| 
| 




















Dec. 31, 1946. 8 Ww FRY 2,413,304 
v IDING MACHINE 
Driginal Filed May 5 194) 8 Sheets-—Sheet 1 
| 5 2 
. & 2 
, WH j [+4 
-_ , 
OT & we! — + 4 
OA i Sa tee =): Se p 
a © 3 “7S 3 ‘ 
6 3 





























f 5 
Ps scsa es 
<7) i geega tN ] 
2) 0) |i . i 
ca | 
’} r 3 4 
4 ca] ‘ | 
3 H = hs t\| 
| © sf 
Dec. 31, 1946 e 
” Oey 2,413,304 


2riginal Filed May 5. iga) 


8 Sheete-Sheet 7 






















































Dec. 31, 1946 


2,413,304 

































































Three patent drawings of a cigarette vending 
machine: Front and side elevation showing 
the partially removed front panel; vertical 
section taken on lines 3-3 of the top and 


bottom drawings; and horizontal section 


taken on lines 7-7 of the upper two drawings. 
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Typical electrical “method” patent: Ob- 
taining maximum sensitivity of a trigger 
circuit for relay actuation, by rectifying 
an alternating current and reducing nor- 
mal reactance in the relay circuit. 


ception of signals by having the elec- 
trical impulses in the antennae circuit 
of the transmitter vibrate longer with 
the application to the transmitter of a 
given amount of electrical energy, and 
thus to increase the selectivity and the 
sensitivity of the receiver. Was the 
bringing of the four circuits into elec- 
trical resonance with one another, 
which brought about an extraordinary 
advance in transmission, invention ? 

The court found that Marconi had 
invented nothing over the earlier 
Stone patent, making the tuning of 
his antennae circuit adjustable. It 
found that he had not made an inven- 
tion over Lodge's patent which showed 
the use of a variable inductance for 
the same purpose. Merely making a 
known element of a known combina- 
tion adjustable by means of adjust- 
ment known to the art when no new 
or unexpected result is obtained is 
not invention. 

Thus, the great success of Marconi, 
who created the art, did not save him 
from “‘anticipation” by prior patentees, 
who had never achieved his success. 

Another interesting electrical case, 
dealing with a patent for improving 
cigarette lighters on the dashboard of 
an automobile, brought forth a de- 
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cision that the use of a thermostat 
to break a circuit in a wireless cigar 
lighter is analogous to the use of such 
a device in electrical heaters, toasters, 
and irons. There is no invention in 
the adaptation of such a thermostat 
in a lighter on the dashboards of auto- 
mobiles. 

In General Electric Company v. 
Jewell Incandescent Lamp Company, 
the Supreme Court invalidated a pat- 
ent on a frosted glass electric lamp 
bulb which used curves instead of 
sharp angles, to strengthen resistance 
against breakage. In another case the 
court invalidated a patent for a fila- 
ment for an electrical incandescent 
lamp composed of tungsten, and made 
up of a number of large grains of such 
size and contour to prevent sagging 
and off-setting during normal useful 
life for such a lamp. The reason for 
invalidating the patent was lack of 
a sufficiently definite disclosure to en- 
able workers in the art to accomplish 
the result that the patent claimed. 

This is a very important point in 
electrical inventions. One who un- 
dertakes to get the monopoly of a 
patent in this field must lean over 
backwards to make a complete, candid 
and workable disclosure. 


A principle, law of nature, or prop- 
erty of matter cannot be patented. 

An artificial force is a natural force, 
so transformed in character by human 
power as tO possess new capabilities 
of action. This transformation is con- 
sidered a true inventive act. Accord- 
ing to a court decision: 

“A principle, considered as a nat- 
ural physical force, is not the product 
of inventive skill. It is the common 
property of all mankind. It exists in 
nature independently of human effort, 
and can neither be diminished nor in- 
creased by human power. Man can 
discover and employ it, but his em- 
ployment of it in the modes or through 
the instrumentalities by which it 1s 
applied in nature is a mere imitation 
of what every man is able to perceive 
and reproduce as well as he. All 
endeavors to confine it to himself are 
at once futile and unjust. It exists 
for all men, as well after his discovery 
as before. The laws necessarily rec- 
ognize and protect this right, and do 
not permit any man to exclusively use 
the conditions which are the gifts 
of nature, simply because he was the 
first one to discover its value. Not 
until some new instrument or method 
is contrived for its direction toward 
ends which it cannot naturally ac- 
complish does his creative genius man- 
ifest itself.” 


If a mechanical movement is pat. 
entable, it constitutes a “new and 
useful art,’’ apart from the form of 
the mechanism. 

A claim for a mechanical movemen: 
is a patent not restricted to any par- 
ticular kind of machine, although for 
proper illustration, it may be shown 
and described in connection 
specific machine. 

A patent for a mechanical move 
ment is for the combination anc 
arrangement of mechanical parts 
intended for the translation or 
formation of motion. 
bination includes a 
it is also patentable. 

In a suit for infringement of a pat: 
ent on machinery such as printing 
presses, it was contended that the 
characteristic feature of the patent was 
the use of the wrist pin on the main 
pinion and slots on the rack frame 
to accomplish the reversal of move 
ment on the rack frame, while the 
pinion was wholly disengaged from 
the rack. However, the court held 
that there was no justification for the 
emphasis put upon the disengage. 
ment of the pinion from the racks 
and that the invention consisted in 
the combination of the racks, pinion, 
wrist pin and slots for the purpose 
of producing a uniform reciprocal 
movement of the rack frame. 

In an infringement suit involving 


with 


trans 
If such a com. 
subcombination 


an automobile transmission mechan- 
ism, distinction was made _ between 
overrunning’ and _  ‘“‘overdriving’: 


“As defined, an overrunning device 
is one by which the driven shaft is 
disconnected from the drive shaft 
when the speed of the driven exceeds 
that of the drive. The overdrive de- 
vice drives the driven shaft faster 
than the drive shaft by means of 
connecting gears and does not per- 
mit Overrunning. The overruning 
permits the car to run faster than the 
drive shaft; the overdrive compels 
the car to go faster.” The plaintiff 
contended that the novel features were 
(1) An overrunning device, (2) 3 
lock for the same, and (3) a centrif- 
ugal governor which would automatic- 
ally lock out the overruning at a pre: 
determined speed and cause the driven 
and drive shafts to come into a posi- 
tive connection. . 

The court found that the overrun- 
ning feature and its lockout were not 
novel. They had been manufactured 
and used prior to the patent. That 
left as a basis of his claim to inven- 
tion the addition to the free wheeling 
plus the cut out of a governor which 
automatically brought the last speed 
in the transmission to a non-overrun- 
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Design patents cover the external appearance or form of a part or machine, and have no rela- 
tionship to the structure or performance of the device. Even when the machine is covered 
by a mechanical patent, its appearance can be protected by a separate design patent. 


ning positive connection between the 
two shafts. But the patentee had not 
disclosed any such action in his draw- 
ings and typewritten specification 
which he claimed he had disclosed to 
the defendant in confidence before 
his patent issued; he lost the suit. 


A design patent covers the appear- 
ance of an article or machine. Even 
though a machine is protected by a 
mechanical patent, its appearance can 
d€ protected by a separate patent. Gen- 
erally, it covers that part of a mech- 
anism that is exposed to public view. 
In this type of patent, the drawings 
are all important. The claim in the 


design patent usually reads as follows: 


The ornamental design fora... ., 
substantially as shown;” or if a de- 
‘cription of the design is given: ‘‘The 
ormamental design for a . .. Sub- 


stantially as shown and described.” 
The specification is also simple. The 


drawings, however, must be quite 
complete. In effect, such a claim 
means 


that the patentee monopolizes 
the general appearance and artistic 
qualitics of the machine, as shown in 
the d: wings. 

The term of a design patent is 33, 
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7 or 14 years, as the patentee elects. 
Usually, the Ki enw is for a 34 
year period, and if the patent proves 
valuable, the applicant is permitted to 
increase the period of protection, by 
paying a larger fee. For a three and 
a half year term the fee is 10 dollars; 
for a seven year term the fee is 15 
dollars; and for a fourteen year term 
the fee is 30 dollars. 

In the design patent case, Gorham 
Company v. White, the court said that 
Congress intended to authorize de- 
sign patents to encourage the decora- 
tive arts; and that the purpose of de- 
sign patents was not to protect utility, 
as much as appearance, which is 
peculiar to the article. The object 
of the law is to protect those appear- 
ance features which enhance saleability 
of the patented article. 

The true test of infringement of a 
design patent is whether the average 
purchaser would be confused by the 
similarity in appearance of the pat- 
ented design and the “infringing” 
design—whether he might believe that 
the two things are alike. 

A design patent covers only an 
article that is created by the exercise 
of inventive faculties. For instance, 
merely making a candle square instead 
of round would not involve the ex- 


ercise of inventive design. 

In design patents, the adaptation of 
existing devices to a new purpose does 
not constitute invention. 

No lesser degree of inventive skill 
is required in the production of de- 
signs than in other kinds of patented 
articles. In a mechanical patent there 
must be novelty and utility; in a de- 
sign patent there must be originality 
and beauty. Mere mechanical skill 
is not sufficient. The adaptation of 
an old device or form to new pur- 
poses, however convenient, useful or 
beautiful, is not considered invention 
by the courts. 

More is required of a design patent 
than being new and pleasing. The 
design must be the product of inven- 
tion—the conception must demand ex- 
ceptional talent beyond the skill of 
the ordinary designer. The mere fact 
that the design is popular with the 
public and causes large sales is not 
sufficient for it to be considered in- 
vention. 

Just how much ornamentation over 
and above that of the prior art is to 
be regarded as essential cannot be 
stated definitely. In mechanical pat- 
ents a combination of old elements is 
not invention unless there is a new 
coaction among the elements, produc- 


125 








ing a new result, not flowing from 
the individual characteristics of each 
of the elements. In a design combi- 
nation, if coaction between the con- 
solidated elements is to be regarded 
as necessary, it must flow from a new, 
unexpected, ornamental and _ pleasing 
appearance, brought about by com- 
bining the old elements. 

As with mechanical patents, the 
questions of validity and _ infringe- 
ment depend on the state of the art. 

If the infringer has appropriated 
only what is within the skill of the 
art, the patent cannot be sustained, 
and in a design case infringement will 
probably not be found. Expert wit- 
nesses are of no value in such litiga- 
tion. The comparison is made by the 
court between the drawing of the 


plaintiffs’ design patent and the de- 
fendant’s construction. The compari- 
son is not between the plaintiff's com- 
mercial product and the defendant's 
commercial product. In determining 
infringement, functional features are 
excluded. 

One of the most important ques- 
tions in design patents is its reduc- 
tion to practice. In mechanical, elec- 
trical, and some types of chemical 
patents, the filing of a patent appli- 
cation with drawings and description 
with claims can constitute a construc- 
tive reduction to practice, equal to 
actual building, testing and operating 
the invention. However, a design 
patent of a three-dimensional article 
must be embodied in some structure 
other than a mere drawing. 


Foreign Patent Protection 


RIGHTS TO AN INVENTION can be di- 
vided territorially. One group of 
persons can have the right to manu- 
facture and sell in one state or group 
of states, while others may have similar 
rights in another part of the country. 

United States patents cannot be 
avoided by manufacturing the inven- 
tion outside of the United States and 
then shipping it into the United 
States. This has been frequently tried 
and always results in failure. Con- 
versely, United States patents extend 
only to the borders of the United 
States, our territories and possessions, 
but not outside of our jurisdiction. 
Hence, anyone learning of an im- 
portant development in the United 
States can go into a foreign country, 
if there are no foreign patents taken 
out in that country on the subject, and 
manufacture and sell anywhere out- 
side of the United States, To prevent 
this, manufacturers in the United 
States secure patents in foreign coun- 
tries. 

As far as the United States is con- 
cerned, the inventor can be a foreigner 
as well as a citizen of the United 
States. The privileges of foreigners 
are further defined in the reciprocal 
treaties that we have with other coun- 
tries. 

Our laws provide that applications 
filed in the treaty country shall be 
effective in this country from the date 
it was filed in the foreign country, 
and shall carry the same protection 
as if it were filed here. In addition, 
however, the application must be filed 
in the United States before printed 
publication anywhere; or if published 
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abroad, it must be filed within twelve 
months (six months for design pat- 
ents) from the earliest date of any 
publication. Duration of the patent 
in this country is unaffected by sub- 
sequent expiration of a foreign pat- 
ent for the same invention or by rea- 
son of non-payment of taxes or non- 
use. 

Inventions of minor importance 
should not be protected abroad, un- 
less they fit into a plan of overall pro- 
tection which the manufacturer has 
already established. 

Foreign patent protection should 
be limited to the more important in- 
ventions. Particularly important are 
all kinds of business machines, domes- 
tic appliances, progressive labor-saving 
devices and processes, machine tools, 
and machines that reduce cost of 
manufacture. Also of great interest 
for the export market are all types of 
optical and chemical products, which 
were largely supplied by Germany be- 
fore the war. 

Patent protection in England, Can- 
ada, Australia and other British do- 
minions has the two-fold advantage 
of protecting exported goods and ob- 
taining a market under preferential 
tariff conditions. For this reason, 
many American concerns have located 
manufacturing plants in these coun- 
tries. 

To meet competition in the world 
market, it is often advantageous to 
obtain a patent in the country where 
the product is being made, and from 
there shipped to foreign countries. 

In establishing a foreign patent 
policy, these questions should be con- 





sidered by the manufacturer: 

1. Which are the primary markets 
of the world in which competitive 
manufacturing and competitive selling 
will take place? 

2. Which foreign manufacturers 
own competitive patent rights in the 
United States, for which the manu. 
facturer can trade his patent rights 
in the competitor’s country? 

3. Which manufacturers abroad can 
be licensed, to control their competi- 
tion? should royalties be received? 
This would help control prices, and 
would lead to an exchange of ideas 
and technical information. 

It is possible under foreign laws 
to combine certain American patent 
applications, which are separated in 
the United States Patent Office, thus 
greatly reducing the cost. 

In many countries, particularly in 
Latin America, the one registering the 
trademark is sole owner, the registrant 
will have then the right to confiscate 
goods bearing the original trademark 
when it arrives in that country. This 
actually happened to a number of 
U.S. concerns who failed to register 
their foreign trademarks, in advance 
of shipping. 

The a, lesson of all trade- 
mark experience abroad is that no 
single step is of greater value to a 
corporation than the protection of its 
trademark rights overseas. Trade 
marks should be identified through 
some well-known symbol, even though 
the American name is unpronounceable 
and means nothing to those purchas- 
ing the goods. The color may have 
a special religious or social significance 
which may either meet with approval 
or be violently prejudicial in certain 
countries. 

Trademarks and patents go together. 
A product that is protected both by 
patents and trademarks is in a far 
stronger position than one protected 
by either patents or trademarks. 

In European countries invention has 
been throttled by patent laws that re- 
quire the inventor to manufacture 
under his patent or lose it; or the in- 
ventor must pay heavy annual taxes 
for the privilege of keeping his pat 
ent alive. This short-sighted polic 
has put so many barriers in the path 
of inventors and manufacturers that 
by contrast the United States is prog 
ressive, because its inventors are pro 
tected and rewarded for their initia 
tive. A study of the number of pat 
ents taken out in the United States 
and in foreign countries shows that 
the number of these patents is ap: 
proximately in direct proportion (0 
the industrial success of the respective 
nations. This is a practical proof 0 
the wisdom of our policy. 
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Term of Patent 


5. 10 or 15 years from 
date of grant 
16 years from date of 


filing or convention date 
if fled under convention 


15 years from date of 
grant 
17 years from date of 
grant 
20 years from date of 
filing 
16 years from date of 


filing of ordinary applica- 
tion. If filed under con- 
vention. 16 years from 
convention date. If appli- 
cation is filed with provi- 
sional specification, patent 
expires 16 years from date 
of filing of complete speci- 
fication. 


18 years from date of 
grant 
16 years from date of 


filing, or from date of 
basic application in Great 
Britain, Ceylon, Union of 
South Africa, Australia 
New Zealand, Canada or 


Irish Free State if filed 
under inter-colonial ar- 
rangements 

15 years from date of 
Bling 

20 years from date of 


filing or from convention 
date. (Patents limited to 
15 years when not worked 


17 years from date of 
filing 
15 years from date of 


filing 


r of International Convention. 


Latest Time for Filing 


Before printed publication or 
public use anywhere. Printed 
foreign patent no bar to con- 


tirmation of patent if there has 
been no public use in Argentina. 


Before publication or public Use 
in Australia. If filed under con- 
vention, within one year of date 
or first foreign application, 
interim publication or use is no 
bar to validity. 


Before printed publication or 
public use anywhere. If filed 
under convention within one 


year of date of first basic appli- 
cation, interim publication or 
use no bar to validity 


For ordinary applications before 
issue of patent on earlier filed 
foreign applications and within 
2 years of printed publication 
anywhere and public use in 
Canada. When filed under con- 
vention, within 1 year of date 
of filing first basic foreign appli- 
cation 


Before publication or public use 
anywhere sufficient to enable 
the invention to be worked. If 
filed under convention within 
one year from filing date of basic 
foreign application, interim pub- 
lication or use no bar to validity 


Before publication or public use 
in Great Britain. If filed under 
convention within one year from 
filing date of basic foreign patent 
interim publication or use no 
bar to validity 


Before publication or public use 
anywhere sufficient to enable 
the invention to be worked. If 
filed under convention within 
one year from filing date of basic 
foreign patent, interim publica- 
tion or use no bar to validity. 


Before publication or public use 
in India or within 12 months 
from date of filing application 
in Great Britain, Ceylon, Union 
of South Africa, Australia, New 
Zealand, Canada or Irish Free 
State 


Before publication anywhere 
If filed under convention within 
one year of date of filing of first 
basic foreign patent, interim 
publication or use no bar to 
validity 


Before printed publication any- 
where except when applicant 
first applies in Mexico and ob- 
tains patent within 12 months 
from date of use or publication 
If tiled under the international 
convention within 1 year of 
filing date of basic foreign patent 
interim publication or use no 
bar to validity. Publication or 
public use within 6 months prior 
to convention date will not in- 
validate patent obtained under 
the convention. For countries 
giving similar rights to Mexi- 
cans. an issued patent is no bar 
for 6 months after issuance. 


Before printed publication any- 
where or public use in Sweden 
If filed under the convention 
within one year from filing date 
of first basic foreign patent, in- 
terim publication or use no bar 
to validity. First showing of 
invention on international ex- 
hibition no bar to valid applica- 
tion, provided application is 
filed within 6 months from said 
exhibition 


Before publication or use in 
Switzerland. If filed under the 
convention within one year from 
filing date of basic foreign patent. 
interim publication or use no 
bar to validity. 


**E pace limitations prevent inclusion of data on all countries; 


VITAL DATA FOR SECURING FOREIGN PATENTS** 


Documents Required 


For ordinary applications: Specifica- 
tion andclaimsin duplicatein Spanish 
drawings in duplicate; legalized power; 
combined legalized power and assign- 
ment if assignee applies. For confirma- 
tion of patent: In addition a certified 
printed copy of foreign patent and a 
translation thereof by sworn translator 


For ordinary applications: Specifica- 
tion. claims and drawings in duplicate; 
application form: power of attorney 
For convention application: alternative 
application form; in addition, certified 
copy of U.S. basic application 


For ordinary applications: Specifica- 
tion and claims in duplicate in Portu- 
guese; drawing in duplicate; legalized 
power; combined legalized power of 
assignment if assignee applies. For 
convention application: In addition 
certified file wrapper with the contents 
of basic application 


For ordinary application: Specifica- 
tion in duplicate; claims in duplicate 
drawings in triplicate: power of at- 
torney; assignment in duplicate if 
patent is to issue in name of assignee 
For convention application: in addi- 
tion certificate of filing of basic U.S 
application, or certified copy of basic 
foreign application 


For ordinary and convention applica- 
tions: Specification and resume in 
duplicate in French Drawings in 
duplicate. power of attorney: assign- 
ment when filed in name of assignee 
Certified copy of basic foreign applica- 
tion if filed under the convention 


For ordinary application: Specifica- 
tion, claims and drawings in duplicate 
application form: power of attorney 
For convention applications: In addi- 
tion, drawings in triplicate: certified 
copy of basic foreign application; as- 
signment if assignee applies 


For ordinary application: Specification 


and claims in duplicate in Dutch; 
drawings in duplicate: power of at- 
torney For convention application 


In addition. certified copy of basic 
foreign application; assignment of as- 
signee applies 


For ordinary applications: Specifica- 
tion, cm&ims and drawings in duplicate 
power of attorney; application forms 
signed by applicant. If assignee appuies. 
assignment of consent required. If filed 
under inter-colonial arrangements 
certified copy of basic British or 
colonial patent or application required 


For ordinary applications: Specifica- 
tions, claims and drawings in duplicate 
in Italian; legalized power. For con- 
vention application: In addition cer- 
tified copy of basic foreign patent 
Legalized assignment if assignee ap- 
plies. Certified translation into Italian 
of certified copy in support of conven- 
tion application 


For ordinary application: Specification 
claims and drawings in duplicate in 
Spanish; authorization, assignment 
when assignee applies. For convention 
application: In addition certified copy 
of basic foreign patent 


For ordinary and convention applica- 
tion: Specificatior laims and drawings 
in triplicate in) Swedish power of 
attorney. Combined legalized assign- 


ment and power of attorney if assignee 
applies 


For ordinary application: Specification 
and claims in duplicate in French, Ger- 
man or [talian; drawings in duplicate 
power of attorney. For convention ap- 
plication: In addition certified copy of 
basic foreign patent. Assignment if 
assignee applies 


these can be obtained from the Editor of Product Engineering or the author. 


Novelty 








Who 
May Apply Exami- Opposition 
a) PPS nation 
Inventor or Yes Not possible 
assignee 
Inventor Yes Possible for three 
assignee or months after adver- 
communicant tisement of accept- 
ance 

Inventor or Yes Possible for 60 days 
assignee, from publication 
In general in- Yes Not possible 
ventor only; un- 
der certain con- 
ditions (Patent 

Act, Section 29, 
Sub-section 2) 
also assignee 

Inventor or No Not possible 
assignee 

For ordinary ap- Yes Possible up to three 
lications: The months from adver- 
inventor alone or tisement of accept- 
jointly with as- ance 
signee. For con- 

vention applica- 
tion: the inventor 
or his assignee 

For communicant 

application: com- 

municatee alone 

Inventor 

Inventor or Yes Possible for 4 months 
assignee from acceptance 
Inventor Yes Possible for 4 months 
assignee or from publication 
communicant 

Inventor or Yes 

assignee 

Inventor or Ye Not possible 
assignee 

Inventor or Ye Possible for 2 months 

ssicnee from acceptance 
Inventor or Yes Not possible 


assignee 





PATENT CLASSES ARRANGED 


BY EXAMINING DIVISIONS 








DIVISION 1 


DIVISION 3 


DIVISION 5 


DIVISION 6—Continued 





4. Baths, Closets, Sinks, and 252. Compositions, subclasses 2- 181. Acoustics Subclass Division 
Spittoons 8.05, 62, 67-79, 18] .1 24. Buckles, Buttons, Clasps, 398-428.5 63 
268. Closure Operators 301.6, 372-408. (See Di- Ete. 429-664 6 
256. Fences vision 64 for other sub- 49. Glass 665-683 .6 31 
99. Foods and Beverages, sub- classes. ) 56. Harvesters 684-708 6 
classes 234-450. (See Di- 22. Metal Founding 84. Music 709-773 38 
vision 63 for other sub- 148. Metal Treatment 274. Sound Recording and Re- 774-813 15 
classes.) 75. Metallurgy producing 814-822 38 
£9. Gates 289. Tying Cords or Strands — — 
55. Harrows and Diggers DIVISION 4 88 O — 7 
47. Plant Husbandry 193. Conveyors—Chutes, Skids, DIVISION 6 OF. Ph, ae 
111. Planting Guides, and Ways 260. Chemistry, Carbon Com- oo: ae 
97. Plows 302. Conveyors—Fluid Current pounds, subclasses 1, 124- DIVISION 8 
275. Scattering Unloaders 198. Conveyors—Power Driven 139, 349~397.7, 429-664, 5. Beds 
182. Sewerage 187. Elevators 684-708. The distribution 155. Chairs and Seats 
37. Excavating of class 260 among the 45. Furniture 
DIVISION 2 227. Fire Escapes Examining Divisions is as 65. Kitchen and Table Articles 
119. Animal Husbandry 294. Handling—Hand and Hoist- follows: 312. Supports, Cabinet Structures 
6. Bee Culture line Implements Subclass Division 211. Supports, Racks 
17. Butecbering 228. Ladders 1 6 es d 
sl Dairy : : 214. Material or Article Han- 96 50 : . DIV ISION 4 
43. Fishing, Trapping, and Ver- dling 97-123 15 230. Gas Pumps and Fans 
min Destroying 262. Mining. Quarrying, and lee 124-139 6 253. Motors—Fluid 
100. Presses iaidhas H oe a —— 140-208. 43 170. Motors—Fluid Current 
68. Textiles, Fluid Treating Ap- i sib Ee: 209-235. 15 103. Pumps 
paratus, subclasses 241-277, | 243. Pneumatic Dispatch 236-297 .5 59 
(See Division 27 for other | 304. Scaffolds 298-326. 15 DIVISION 10 
subclasses. ) 186. Store Service 327-348 .6 63 Abolished Apr. 19, 1942 
131. Tobacco 212. Traversing Hoists 349-397 .7 6 C. O. 3617 


Classification of Patents 


DETERMINIING whether there is patent 
infringement and whether a patent is 
invalid depends on the state of the 
art and on “anticipation”. This 
mearts that prior efforts in the same 
field, shown by prior public use and 
sale or prior publications and patents, 
must be discovered. A similar search 
must be made to determine if the 
patent is valid. 

There are three kinds of patent 
searches: (1) A preliminary examina- 
tion, or short search to determine 
novelty of an idea; (2) an exhaustive, 
formal search for all patents that a 
particular structure or process might 
infringe; and (3), a formal search to 
determine whether a patent is valid. 

These searches require an investi- 
gation of domestic and foreign Pat- 
ent Ofhce records, usually including 
libraries of the Patent Office, Library 
of Congress, and public and private 
institutions. Because organization of 
knowledge in the United States is not 
highly developed, this is often a dif- 
ficult task. 

A customary practice is to search 
through the United States Patent Of- 
fice records for similar patents. The 
Patent Office is pric i in hundreds 
of classes and sub-classes, which are 
listed in the Manual of Classification, 
a sample sheet of which is shown on 
this page. A special classification di- 
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vision of the Patent Office constantly 
arrange and classify patents by subject 
matter in these various classes. 

Preliminary examination search is 
a brief review of the most likely groups 
of patents in which anticipation of an 
idea can be found. 

In a formal search, the first step 
is to review the classification manual. 
When examining the hundreds of 
bundles of patents under each classi- 
fication, so many additional cross ref- 
erences will be found, that it is pos- 
sible for a searcher to pass from group 
to group endlessly. To avoid this 
imagination is required to determine 
where similar mechanisms might be 


anticipated by a mechanism in an oil 
fired furnace used to control the oil 
supply. . 

This ability to visualize relation 
ships is the basic qualification of 4 
competent searcher. In addition to 
exhausting the possibilities of the Pat- 
ent Office Classification Manual, the 
searcher will probably confer with the 
examiners in charge of the classes in- 
volved and seek permission to look 
at their personal working files, in- 
cluding their collection of foreign 
patents. . : 

Searching foreign patents is dif. 
ficult. The patents are not classified 
carefully in many countries. The class- 
ifications are different and often there 
are available only abstracts, not the 
complete patents. The difficulty 0! 
language creates another problem. 
However, many “anticipation” cases 
come from foreign patents, so that 





found. For instance, an air blower foreign patent searching ts absolutely 
patent was found to be completely necessary. 
THE AUTHOR: Harry Aubrey Toulmin, Jr. 1s 


is the 








known to Product Engineering readers as the author 
of many informative articles on patent practice and 
research. He brings to the patent field a viewpoint 
that is sympathetic to engineering problems, since he 
of a 
Making his headquarters in Dayton, 
Toulmin has won both national 
importance in this field through his own practice an: 
his books on various phases of patent law. 
This two-part report just concluded—"'Patents an 
the Engineer’—is based on Mr. Toulmin’s forthcom- 
ing book, “Patent Handbook,” to be published }) 
D. Von Nostrand. 


head 


laboratory) 
Ohio, Mr. 
international 


commercial research 


and 








Propuct ENcINnEERING — Ju.y, |94° 





refi 


Par 





wsion 
63 

6 

6 

38 

15 


icles 
bures 


n an oil 
| the oil 


relation- 
on of 3 
ition to 
the Pat- 
ual, the 
with the 
asses in- 
to look 
1les, in- 
foreign 


is dif- 
lassified 
he class- 
en there 
not the 
culty of 
sroblem. 
1” cases 
so. that 
solutely 


r. 1S 
ithor 
- and 
point 
ce he 
tor\. 
Mr. 
ional 
and 


CcOom- 


1 by 











TYPICAL DEFECTS in metallic parts that were disclosed by non-destructive tests. 


wil 


After rejection on basis of supersonic 


reflection tests, sections of two forged steel axles showed the (A) longitudinal and traverse cracks and (B) shrinkage cracks. 
Parts rejected after electric current flow tests were sectioned and found to contain (C) inclusions and (D) seams. 


Non-Destructive Test Methods 


Seven basic methods for non-destructive testing of materials. 


BENSON CARLIN 


Product Engineer, Sperry Products, Inc. 


WHEN CHOOSING A METHOD for test- 
ing a material, the development or 
design engineer must first evaluate 
certain key considerations. For in- 
stance, many times first cost and ease 
of operation of the testing method is 
of paramount importance. Therefore, 
the first step is to analyze the prob- 
len perhaps by answering such ques- 
t101 a6 

Can magnetic variations be meas- 
ured in the material ? 
_2. What is the surface, shape, and 
size of the part to be tested? 

». What type of flaw is involved? 
Must the test be made after 
final assembly ? 

5. Which test method is the sim- 
ples: to interpret and the most eco- 
nhomical to use. 


Lhe answer to these questions in- 
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evitably limits the type of test to one 
or two of the methods discussed in 
the following and compared in the 
chart. Final selection depends upon 
the relative advantages of the testing 
method for the particular work in- 
volved. 

The number of different 
for testing materials has 
greatly during recent years. Each 
method has inherent characteristics 
that make it especially useful under 
certain conditions. 


methods 
inc reased 


Basic REQUIREMENTS 


Basic requirements for simple, low- 
cost systems by means of which any 
or all discontinuities in a material can 
be located and classified include: (1) 
Location of defects without the indi- 
cation of acceptable inhomogeneities ; 
or, a method of differentiating accept- 
able and non-acceptable defects; (2) 
consistent, accurate, and rapid opera- 
tion; (3) a minimum of skill required 


from the operator; (4) method and 
apparatus that is adaptable to auto- 
matic operation and when desirable 
to production requirements, and (5) 
method must be non-destructive, and 
not dangerous to personnel. Most 
of these requirements are vital to the 
user, and all to the designer of the 
test method and equipment. 

There are many basic approaches to 
the problem of indicating when the 
internal structure of a material 
changes. It may, for example, be 
done by observing the difference be- 
tween a characteristic of a normal 
sample and one of a particular part 
under examination. This is a com- 
parative rather than an absolute stand 
ard. Usually other forms are preferred. 
Most non-destructive test systems are 
divided into two basic types: (1) De- 
vices that measure the transmission of 
a particular type of radiation through 
a part; and (2) devices that measure 
the amount of radiation scattered or 
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Method and Use 


Table 1—Comparison of Characteristics of Non-Destructive Testigthoc 
— 


Operation 





CURRENT 

Fiow: Location of flaws 
and measurement of 
wall thickness, especially 
where walls are cor- 


roded. 















HARA’ 


High current 


>a 











EOsVgg 


High current is passed through the pipe, or test object, and 
voltage drop across a portion of the current path indicates 
resistivity of that section. Probes must make good contact. 
D-c or a-c can be used. 


Sensitivity 
—j—— 
Not determined to date. hod is 
ty is § 
acts. 3 
ured 1 
wide 1 








BrEAKDowN: Location 








High voltage is applied across two flat electrodes and the 


mf 


Detects flaws of any size 


















































































































of small holes in non- electrode {xy pm of part passed between them. Any hole or flaw lets current flashover voltage of the 
conductive sheet mate- SAMS ;, 7, voltage flow through it. Range of voltage applied can be adjusted rial itself. 
rial. Méterial [ + to suit material. 
RADIUM (1) AND X-RAY (2) (1) Rays from a capsule of radium penetrate the article % of 1 percent of metal tire is s¢ 
PENETRATION: (1) Test- en under test and oye y upon a film. — of film varies ness; 2 percent easily obtafp off ray 
ing of metals in the field , 7 with the amount of transmission; where aw occurs rays hore ex 
h ’ Ir penetrate more easily and film is denser. Capsule can be feterm! 
such as, tanks or in- ; 
> : —BRY — Flaw temporarily or permanently fastened within a body. (2) he dire 
closed parts. (2) Test- § — : polly ena 
; 5 . © T--N ~ Same as (1), except that X-ray tube produces rays. X-ray ited | 
ing welds, castings, forg- & JI —— re ; 7 
ings, plastics, assemblies. 5 { E = penne voltage required: Phin sheets aluminum, magnesium, plas- cult to 
2 i}- ae tics, 3 to 50 kv; aluminum or magnesium 4 to 6 in. thick, ination 
S§ jL- -~ Radium 30 to 150 kv. Steel with respective thickness of: 1% in., 
orX-ray 60 to 250 kv; 2 to 2% in., 400 kv; 5 to 6 in., 1,000 kv; 8 
to 12 in., 2,000 kv. 
ReFLectTion: Determin- Radiation) Shield”... | Radiation from an X-ray or radium capsule is scattered Extremely gross sensitivinguracy | 
ing pipe and wall thick- Sougce Pick-\ and then reflected, or back scattered. Radiation increases perfec 
ness, including corroded “23. gine * directly with the wall thickness. befor 1 
bodies. EMO wWerFQOOM 
SUPERSONIC OR SONIC A pulse of energy is transmitted into the part under test, Practically unlimited; g@ other 
REFLECTIVE: For testing and reflected from its opposite face, or from an included size of the material or thefhe trac 
metallic or plastic ob- | 77#7S- + Receiver| flaw. The time of travel discloses the position of the re- of the included particlffred m: 
jects of regular shape. mitter z flecting object. Sender and receiver can be a single crystal only limiting factors tube. 
~-Work or two separate crystals. ires li 
TRANSMISSIVE: For test- Energy is transmitted through the material. If it pene- Extremely sensitive. Sam 
ing thin strips of ma- |Trans-|4Work Recej trates it, the material is good; if the beam is interrupted, itations as reflective type 
terial of flat parallel |mitter H ” ecewer) the material is bad. cept also indicates rm 
shape. changes in position 
RESONANCE: Measures Ultrasonic energy is varied over a frequency band that Limited only by scatteriuracy 
the thickness of parts Work includes the resonant frequency of the part. At resonance, the ultrasonics within the @mited 
from a few thousandths least energy is required from the driving oscillator. Thus as in badly corroded sectiofthod w 
to four inches. Oscillato the indicator can be calibrated in thickness, since there is ed par 
scillator one specific resonant frequency for each thickness of ma- 
terial. Variations include: (1) One or two crystals; (2) 
pulsed or continuous wave; (3) different types of indica- 
tors. Different ranges required for variety of thickness. 
Visration: Especially rt The part is vibrated and the sonic or ultrasonic output is Limited to flaws that are #y smal 
useful for small metallic @.. (Pickup analyzed. Work may be hit or dropped. Sound can be with respect to the total obfMities r 
parts, such as ball bear- i “O- Amplifier | analyzed in different manners. bsuch 4 
ings. 
THERMAL Heat is applied or induced, and detected on the opposite Readability difficult ult 
Testing for bond or lam- side of the part. hod is 
ination. 
MAGNETIC Excitation Bar under test passes through a magnetic head and cur- Location of flaws is limites mus 
Bar: For testing ferrous voltage — rent is induced in the material. Current sets up a flux field their position. externa 
and non-ferrous mate- Bar that is constant as long as there is no change in cross trouble 
rial. section. Flaws are detected by coils scanning surface. Also 








material can be placed in a coil with a secondary winding 
about it, and distortion of the wave shape evaluated. 
Magnetization can be in different orientations. Meters 
or other indicators can be used. 





Powpers: Examination 
of materials, especially 
ferromagnetic ones 





After surface is magnetized, powder is spread on it and 
the configuration examined for changes in pattern caused 
by discontinuties. Discloses strictly surface conditions or 
those a small distance below the surface. Can be dry or 
wet, such as oil paste; can be colored for contrast with part. 





Good sensitivity on wel 
ished surfaces only. 








PHOSPHORESCENT 


Good only on surface 
Used on such materials 
as stainless steel, alumi- 
num, brass, bronze, car- 
bides 


Work, 


59 


--—Paint 


Surface is dipped or painted in highly phosphorescent ma- 
terial, then washed with paint remover. A second liquid 
draws out the phosphorescent material that remained in 
surface flaws, which ts visible under black light. 
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Good within its limitation for 
Paint ¢ 

— 

Pr 











e Testikthods 


= 





ivity General Considerations 





—_____j 
to date. hod is rapid, automatic, and cheap. Main dif- 
ty is spurious indications caused by electrical 
xcts. Contact potential is troublesome since the 
wred voltage usually is extremely low. There 
wide normal variations in a material’s resis- 
& 





f any size ellent for inspecting rapidly moving sheets. 
e of the mes no indication of size of flaw. Accuracy is 
ted by voltage applied. 


of metal tire is some danger in using radium. Penetration 
easily obta off rapidly with the thickness of the part. Two 
more exposures are necessary for stereo readings 
etermine the depth. Flaw must have thickness 
he direction of exposure. Size of the flaw located 
imited by the thickness of the material. Films are 
cult to read. Critical as to angle of penetration; 
inations are not indicated. 











$ sensitivinguracy limitation is about 5 percent. Method not 
perfected; depends upon development of tech- 


pe for measuring the scattered radiation. 





limited; gg other than location of the flaw, interpretation 

erial or theghe trace is required. Other indications than those 

sd particleired may appear. Usually indicator is a cathode 

\ctors tube. Apparatus is portable, economical and 
ires little maintenance. 








itive. SameBatisfactory with large size laminations or flaw. 
-ctive typemuracy is limited severely by spurious indications. 
dicates m 
tion. 








yy scatteri@uracy is about 2 percent of the thickness, and 

within the gmited only by the accuracy of the indicator. 

oded sectithod widely used for checking thickness of com- 
ed parts such as propeller blades. 











s that are 


‘small parts can be tested; only gross discon- 
the total ot 


ities revealed. Satisfactory for specialized test- 
such as for screws or coins. 


————— 


hcult 





cult to heat evenly; gross indication only. 
hod is not perfected. 





WS IS imi must be extremely close to the surface. Effect 
xternal magnetic fields, including earth’s, may 
troublesome. 















1 
ty on well 


© surfaces easily tested; can be recorded by 
nly. 


ng Scotch tape over the particles, which ad- 


to : \ccuracy limited by distance of flaw 
surfac: 





limitation for surface defects, such as cracks into which 
Paint can settle. 
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reflected by discontinuities within the 
part. Besides these two basic types 
there are several other minor group- 
ings, such as instruments that only 
indicate the characteristics of a ma- 
terial’s surface, or those that only 
show a gross discontinuity of the part 
as a whole. 

Common types of testing using 
transmission of energy include: (1) 
Electrical methods that measure the 
amount of current passing through a 
material, (2) the radium or x-ray 
methods that measure the amount of 
radiation passing through the material, 
(3) supersonic methods that measure 
the amount of vibrational energy pass- 
ing through such a medium, (4) heat 
methods that measure the transmitted 
amount of heat and (5) magnetic 
methods that measure the passage of 
flux. 

All these systems have the common 
characteristic of measuring the final 
amplitude of a form of radiation that 
passes through the material, and many 
techniques can be commonly ascribed 
to all systems. 

Among the more common reflective 
types of testing are the ultrasonic 
types that measure the reflection of 
the pulse, and the gamma ray types 
which measure the amount of radia- 
tion scattered by discontinuities within 
the material. At present, the trans- 
mission types are the more common. 
But for the future, the reflective types 
will probably be increasingly used as 
a result of the application of advances 
in radar and other hf techniques de- 
veloped during the war. 

Among the surface types of test 
are those that use (1) fluorescent 
paints spread over the surface and (2) 
magnetic particles that trace out the 
magnetic field on the surface of the 
part. 

The location of gross defects is 
usually accomplished by vibration of 
the part as a whole. It is strictly a 
qualitative measure. 


METHODS COMPARED 


ELECTRICAL. The electrical tests that 
measure the amount of current flow- 
ing in an article are basically limited 
by the necessity for excellent contact. 
Often the amount of contact voltage 
or resistance makes it impossible to 
use this type of test. It is useful in 
locating gross flaws that are large 
enough to interrupt or constrict the 
current flowing in a part. Also it 
can measure the wall thickness of cor- 
roded tanks and other parts. The 
orientation of the flaws located must 
be across the direction of current flow 
since if they are parallel to it there 
will be no essential interruption. In- 


stead of direct contact, certain elec- 
trical tests induce currents in the ma- 
terial. Indication of a flaw can be 
picked up by (1) passing a coil over 
the surface that detects leakage flux 
caused by discontinuities in the cur- 
rent path, or (2) using probes to 
measure the difference in voltage drop 
across the surface. 

Generally, the direct electrical type 
of test is not satisfactory for gaging 
moving objects because the contact 
must be dragged over the surface of 
the object. Also when the parts un- 
der test are changed, conditions of 
contact must be exactly the same. 


RADIUM AND X-RAY. These tech- 
niques are widely known and used for 
test purposes in industry. They are 
excellent for most applications where 
the flaw is a large percentage of the 
amount of penetration, or for testing 
small parts of an irregular shape and 
no thicker than about 12 in. Also 
they are useful to examine the orienta- 
tion of parts within a shell; for ex- 
ample, to determine if all the parts 
in an electrical motor are included in 
the assembly. This type of test is not 
satisfactory on pieces of great thick- 
ness and the greatest drawback to its 
use is the expense and size of equip- 
ment necessary for its application. For 
example, one million volt machines 
require permanent installations of con- 
siderable size, and must be shielded 
by masses of concrete or other ma- 
terial. 

The amount of penetration of the 
rays or of their scattering can be 
measured. When scattering is im- 
portant, after the scattered energy is 
reflected it is picked up by an indicat- 
ing counter or integrator. Such in- 
struments differentiate poorly between 
a part, such as a wall, and a deposited 
corrosion on it, or a liquid lying 
against it. The length of time of ex- 
posure is relatively long for each read- 
ing since the unit measures a sum- 
mation of scattered energy for a time 
interval. The longer such an interval 
is, the more accurate the reading. 

An advantage of X-ravs is that the 
film provides a permanent record. 
Ordinarily gamma ray techniques are 
used where portability is important. 

X-ray and gamma ray techniques 
have made and are continuing to con- 
tribute to the field of non-destructive 
testing. 


ULTRASONIC. Ultrasonic testing has 
been widely used recently and is most 
effective in the testing of large masses 
of material that are relatively regular 
in shape and composition. (See 
Product Engineering, October 1947, 


13] 








p. 113) The test surface of the material 
must be smooth. Reflective methods 
are superior to transmissive ones since 
(1) both the flaw and its location 
are indicated, and (2) there is less 
likelihood of false readings. Ultra- 
sonic testing is fast since as the quartz 
crystal scans the test surface the re- 
flected pulses appear on the oscillo- 
scope screen. In through methods of 
ultrasonic testing, usually the object 
under test is immersed in a liquid 
bath and slowly moved between two 
crystal units. A meter indicates the 
amount of energy transmitted through 
the object. 

Ultrasonic resonance testing meth- 
ods are used to measure thickness of 
thin-skinned objects, such as aero- 
plane propellors. The object must be 
fairly regular and smooth. Ranges 
in thickness from a few thousandths 
up to a few inches can be rapidly 
tested. Resonance can also locate lami- 
nations or flaws as long as the overall 
distance between the lamination and 
the face of the crystal is within its 
range. 


THERMAL. Thermal testing is inex- 
pensive but little used because it lacks 
exactness. Not only concealed flaws, 
but many other factors affect the heat 
conductivity of the material. At pres- 
ent no available instrument is suitable 


Transmission 


ECONOMICAL TRANSMISSION of high 
voltage direct current was studied by 
Germany during the recent war, and 
tests are described and evaluated in an 
Office of Technical Services report pre- 
pared by OTS investigator Robert I. 
Stockland. While none of the research 
projects was carried to a_ successful 
conclusion, valuable data was dis- 
covered that will aid future research. 
Technical data on real and reactive 
load conditions in d-c transmission and 
on load regulation and safety control 
for d-c transmission systems are espe- 
cially detailed. 

Possibility of power transmission by 
means of a constant voltage d-c trans- 
mission by means of a constant voltage 
d-c transmission system was first dem- 
onstrated in 1936 in the United States 
by the General Electric Co. In this 
demonstration, 5,250 kw were trans- 
mitted at 30 kv for 17 miles. The 
Swiss Brown Boveri company demon- 
strated the feasibility of such transmis- 
sion in 1939 over a shorter distance 
but at a higher voltage. 

The German Siemens installation 
was used for an experiment similar to 
this. A power company in 1940 trans- 
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for such test methods. But such tests 
are made with waxes and sources of 
heat to obtain qualitative data. Gen- 
erally, it is difficult to apply the heat 
at controlled rate and the physical 
setup is critical. Methods of reading 
exact temperature gradations are lack- 
ing and it is sometimes difficult to 
determine the melting points of vari- 
ous materials. 


MAGNETIC. Magnetic testing is widely 
used and extremely successful in two 
major fields. (1) Magnetic powders 
are used for detecting flaws on the 
surface and those lying directly be- 
neath the surface. The method is 
simple and economical and can be ap- 
plied to almost any metallic object. 
A fine powder is spread over the 
object and the configurations which 
it takes because of the magnetic flux 
noted. (2) Tubing or bar stock is 
passed through a magnetizing head 
and the field examined by search coils. 
In this application both the orienta- 
tion of the flaw and its depth below 
the surface is critical. Magnetic 
methods of test require relatively 
simple equipment but there is a ten- 
dency of spurious indications to show. 


FLUORESCENT. Fluorescent paints 
sometimes are used for surface test- 
ing, but generally, are not satisfactory 





mitted direct current on existing lines 
for a distance of three miles at 90 to 
110 kilovolts. 

One of the largest projects at- 
tempted was sponsored by the Ger- 
man General Inspector for Water and 
Energy in 1941. It was planned to 
transmit 400 kv from the Elbe power 
station of the Electrowerke A. G. to 
a Berlin station, a distance of about 
70 miles. Two 200 kv underground 
cables were to be used for transmis- 
sion. The report describes the syn- 
chronization of existing direct cur- 
rent and alternating current lines. The 
alternating current was to be con- 
verted to a suitable voltage by single- 
phase transformers and rectified to 
200 kv d-c by single anode mutators. 
Both halves of each plant in each sta- 
tion were to be connected in series 
so that 200 kv d-c positive would be 
produced by one half and 200 kv d-c 
negative by the other. The neutral 
was to be grounded. Preceding sys- 
tems all used grid-controlled mercury 
arc rectifiers. 

Another system which was to trans- 
mit 16 milliwatts at 80 kv for three 
miles used an air blast rectifier de- 


in locating flaws below the surface, 
A paint is spread over the surface, 
allowed time to sink into cracks and 
then wiped off. A second substance 
may then be applied to draw the paint 
out of the cracks. 


LIGHT. Thin materials can be tested 
by the amount of light transmitted 
through them. It is not necessary for 
the material to be translucent, al- 
though in some cases it may be. But 
thin sheets of rnaterials that do not 
transmit light can be tested for pin 
holes by placing a strong source of 
light on one side of the material and 
a phototube or similar pick-up on the 
other side. Any light transmitted 
through the material indicates small 
pin holes and the material is rejected. 
Such methods of test are extremely 
limited to thin sheeting and to the 
location of holes that extend through 
the material. 
EXPANDING FIELD 

The non-destructive testing of ma- 
terials is now a large and constantly 
expanding field. Many new methods 
and apparatus will undoubtedly be 
developed in the near future and ap- 
plied further to it, and the engineer 
must therefore be constantly aware 
of such work so he can apply it to 
his own problems. 


of Direct Current Studied in Germany 


signed by Prof. Erwin Marx of Bruns- 
wick Institute of Technology. The 
system did not prove satisfactory be- 
cause of difficulties with the rectifier. 
Sufficient dust accumulated inside the 
tube after about 24 hours to cause a 
short circuit between electrodes. Me- 
chanical filters were installed to over- 
come this trouble but without success. 

Theoretical designs were set up for 
grid controlled mercury arc rectifiers 
to operate at 100 kv and up to 250 
amp. Available test information indi- 
cates that these designs are not trouble- 
free but will require modification. 

A wide variety of main and auxiliary 
transmission equipment, such as trans- 
formers, condensers, cooling equip- 
ment and piping, and circuit breakers 
is described. 

Mimeographed copies of the report 
(PB-81824; “High Voltage Direct 
Current Transmission”; 259 pages) 
$6.50. Orders for the report 
should be addressed to the Office ot 
Technical Services, Department 0 
Commerce, Washington 25, D. C., and 
should be accompanied by check of 
money order payable to the Treasuref 
of the United States. 


costs 
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complete set of isostatics 1. 


Scale for 40,000 pounds: 


Brittle coating pattern in a ring, giving isoentatic e. and 
Obtained by 
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relaxation method. 


the patterns of direct loading, Fig. 2, and the 


. 6—Isoentatic zones for the ring are obtained by combining 


Fig. 5 pattern. 


What Kind of Information 


Does Brittle Coatin 


PART II 
Theoretical considerations developed in Part I are applied to 
distribution of stresses in a ring under diametral compression. 
Results are checked against values given by photoelastic studies. 


A. J. DURELLI 


Armour Research Foundation 
Illinois Institute of Technology 


IN THE JUNE 1948 issue of PRODUCT 
ENGINEERING, Part I of this series 
developed methods and formulas for 
stress determination with brittle coat- 
ing patterns. The reader should be 
familiar with the first part before con- 
tinuing with Part II. 
lhe distribution of stresses on a 
rine whose outside diameter is twice 
its inside diameter and loaded under 
concentrated compression has been 
treated quite extensively by, among 
others, S$. Timoshenko and by M. 
Fro ht. This allows rather easy checks 
on the results obtained using the 
br coating method. 
0 important experimental diffi- 
cul should be kept in mind: (1) 
lhe resultant of the load applied to 


th pecimen should coincide with 
the is of the specimen but this can- 
not checked before the final result 


of tests. Some of the differences 
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between the values obtained for the 
eight quadrants of the ring are there- 
fore caused by eccentricity of the load. 
(2) The load is not applied to the 
specimen on a geometrical dimension- 
less straight line, but through a plane 
tangent to the ring. On the contact 
surfaces there is some plastic deforma- 
tion. The material used by the author 
was aluminum ST24, which allows a 
high elastic strain. 

A picture of the ring after the re- 


laxation tests were finished is shown 
in Fig. 5. Direct load test results 
were given by Fig. 2, Part I. The 


direct load picture shows a few iso- 
statics normal to the inside boundary 
in the region of the horizontal axis. 
They appeared when the load was re- 


moved from specimen, in spite 
of the fact that it was not maintained 
for over 15 seconds. They have no 
meaning in the direct load pattern. 
On Fig. 5, the whole surface is 


covered with tsostatics. This was ob- 
tained by the refrigerating techniqu< 
after the last step of loading was fin- 


g Give? 


ished. The zone beyond isoentatic 40 
should be considered as not broken as 
far as isoentatic values are concerned. 
The numbers on each isoentatic repre- 
sent load in thousands of pounds. 

The scale of each picture is de- 
termined by multiplying the strain 
sensitivity of the coating by the num- 
ber representing the standard load (40 
representing 40,000 psi in this ex- 
ample) and dividing the result by the 
reading on the isoentatic lines. This 
gives the value of the principal strain 
on all points of that isoentatic when 
the load applied on the specimen is 
the standard load. 

For the direct load illustration, Fig. 
2, Part 1, the scale is: 


0.00047 * 40 0.01 


reading readin 


and for the relaxation method, Fig. 5: 
0.00075 & 40 0.( 
reading ~ reading 


The value of the strain sensitivity, 


*. 0.00075 was obtained from a 


calibrating cantilever beam, plus cor- 
rection for the different speeds of 


loading the cantilever beam and the 


ring. For the relaxation test the 
value was: 0.00069 + 9 percent 


0.00075. 
The value of « is given in Fig. 2 


the value of e is given in Fig. 5. To 
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calculate the values of the principal 
stresses, o; and go», from these data, 
determine the number of the isoentatic 
zones (according to Table I) by super- 
imposing both pictures, as has been 
done in Fig. 6. 

On the boundaries, with the ex- 
ception of the region near the singular 
points, and for points of zone 4, the 
values of the principal stresses may be 
determined directly by exact formulas. 
For the other zones approximate 
formulas given in Table I should be 
used if the separation between the 
principal stresses by more accurate 
means 1s not necessary. 

Consider the point in zone 4 (Fig. 
6) determined on the right top quad- 
rant and on the left bottom pa eel 
by the intersection of both isoentatics 
of relaxation 22 (Fig. 5). In the two 
other quadrants, the value of the iso- 
entatic in the corresponding point is 
lower (about 20), caused probably 
by eccentricity of the load. Average 
value is therefore 21. The strain is: 


0.03 ray 
oe a. = — 0.00143 in. 
a contraction, as indicated by the minus 
sign. 
Direct load isoentatic values for 


that same point are 32, 30, 28, 26, with 
an average of 30. The sensitivity of 
the coating was 0.00047, and the 
scale therefore is 


0.0188 


reading 
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Fig. 11—Average of strains determined by brittle coating method compared to photo 


elastic determinations. Based on values 


The strain on isoentatic 30 is: 
ae = 0.00063 in. 
an elongation. Since this point belongs 
to zone 4 and Poisson’s ratio for alu- 
minum is » = 4, the formulas to be 
used are (Table I): 

o, = 1.125 E (a + 3 e) 

o.= 1.125 E (e + 4 4) 





q = 


on the horizontal axis of the closed ring. 


giving for the principal stresses the 
values: 


o; = 1,690 psi and o2 = — 13,700 ps! 


when the applied load is 40 000 
pounds. 

These are the stresses acting on one 
face of the ring. To know what hap- 


pens on the mid-section plane, hey 
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Fig. 12—Average of strains at outer and inner boundaries determined by the brittle 
coating method compared to photoelastic determinations. 


should be averaged with the values 
obtained for the other ring face. 


CHECK WITH KNOWN SOLUTIONS 


M. Frocht, gives the values for the 
principal stresses on both vertical and 
horizontal axes, on the boundaries, 
and on sections located 22.5 deg from 
the horizontal axis as determined by 
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photoelastic methods on such a ring. 

Comparison of the results is made 
in Figs. 7 through 12. The values 
are referred to the uniformly dis- 
tributed strain and stresses on the hori- 
zontal axis as a unit. Such curves are 
independent of the amount of load 
and elastic constant of the material. 

Results obtained with the brittle 


Fig. 13—Stress and strain curves for the 
vertical axis of the closed ring. 


coating for each of the eight quad- 
rants (four on each face of the ring) 
are shown in Figs. 7, 8, 9 and 10. The 
dispersion of the results is generally 
greater in regions where the coating 
starts to break first. This dispersion 
is, however, partially caused by ec- 
centricity of the load. 

Photoelastic determinations are com- 
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pared to the average of the brittle 
coating determinations in Figs. 11, 
12, and 13. The comparison is good. 
In Fig. 11 the vertical strains are 
plotted for the points on the hort- 
zontal axis of the ring. The average 
value determined from strain meas- 
urements is compared with the calcu- 
lated average strain. The difference 
is one percent. 

Between 0.35 and 0.45, 
approximately on the vertical axis in 
Fig. 13 the points belong to zone 4, 
so it was possible to use exact formulas 
for the calculation of the principal 
The values obtained are 
the and fall 
to those determined photoelastically. 
However, the values of the principal 
points 


abscissae 


stresses. 


shown in figure, close 


abscissae 
0.8 and 0.9. although they avree closely 

anc Y,a'ithnouen t 1ey agree ClOSely 
with photoela ti 


stresses for between 
do not seem 
to be reliable. It can be proved that 
the coating does not break although 


the strain 1s tens le ind 


values, 


greater than 
e,, if the strain is parallel to a com- 
pressive For instance, for 
points between 0.0 and 0.1 in Fig. 13 
the strain under relaxation is greater 
than the strain sensitivity, yet the coat- 
ing did not crack. 
direct 


stress. 


Therefore, for 
load between 0.8 and 0.9. the 
stress 1s not likely to be a compression 
as shown in the Fig. 13, but a tension 
Stresses near the point of load appli- 
cation are influenced by the way this 
load is distributed. In this case, the 
load was applied through a plane 
tangent to the ring, and there was 
some plastic ceformation before the 
maximum load was reached. 


GENERAL OBSERVATIONS 


A. To give brittle coating patterns 
their correct interpretation it should 
be kept in mind that sometimes the 
stress distribution changes as the load 
is applied. Photoelasticity gives a 
different interference pattern for each 
amount of the load. Brittle coatings, 
however, give an isoentatic correspond- 
ing only to the particular loading con- 
dition. This happens with contact 
pressures, where at the time the load 


is imcreased the contact surface ex- 


pands. De Saint Venant's principle 
makes the importance of this differ- 
ence negligible at some distance from 
the zone where the load is applied. 

B. Two fundamental properties of 
the coating have not been’ studied 


thoroughly: (1) Dispersion of the 


strain values given by the coating, 


(2) the law of failure of the coating. 
; : 
iy a function of 

ce es : 2 
variables: temperature, humidity. 
ige, and heat-treatment. 

d ADeT on 

A paper 


IS cercoain 


The former 
many 


“Law of Failure of 
was presented by the au- 


thor at the spring meeting of the So- 
ciety for Experimental Stress Analysis. 
Report is made in this paper of some 
new important facts which were not 
known at the time “What Kind of 
Information Does the Brittle Coating 
Give?’ was finished in August, 1947. 
One of these facts is that the maxi- 
mum tensile strain law of failure does 
not represent accurately enough the 
failure phenomenon of the coating, 
not only for the case of pure com- 
pression but also for the case of 
singular points, and for combinations 
of stresses close to those two extreme 


cases. For singular points the error 


introduced by the maximum tensile 
strain law may be as high as 100 
percent. 


Although no new analytical formula 
has been found as yet to express the 
law of failure, the suggested formulas 
for some of the zones in Table I, Part 
I, of this article should be revised to 
llow closer the new experimental 
results. The reader should use the 
les in this paper more as a method 
of approach to the problem than as a 
final answer to all of its complexities. 

C. When the brittle coating method 
is used as a stress analysis method 


{ 


iO 


1 
tab 


rather than as a stress concentration 
detector, its sensitivity should be as 
high as possible. This allows the 
study of a much wider zone of the 
surface. To increase the sensitivity 
it is possible to use either or both of 
the following procedures: (a) To 
heat-treat the coating after spraying, 
or (b) to use a material with higher 
maximum elastic strain. 
Heat-treatments have the advantage 
of increasing the sensitivity and of 
decreasing the chances of crazing. Un- 
fortunately, the dispersion seems to 
increase at the same time. Complete 
study of these properties requires a 
close control of the critical 
influencing the behavior of the coating 


Dd. tt ] 


variables 


seems that the dispersion is 


higher at the stress concentration 
soints when they are on free bo 
daries. This is unfortunate. In 


studies similar to that of the ring, and 
particularly con: erned with stress con- 


: .. 1 
centration, it is advisable to 


ad coat the 
inside wall instead of the faces. 

E. Close control of the most critical 
that influence the behavior 
of the coating will be likely to de- 
crease substantially the dispersion of 
values obtained in 


variables 
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from ‘Physical Properties of Electrode- 
bysited Chromium” by A. Brenner, P. 
Burkhead, and C. Jennings, Journal of Re- 
kearch of the National Bureau of Stand- 
hrds, Jan. 1948, pp 31-59. 


UNE OF THE ADVANTAGES of electro- 
eposited metals is the possibility of 
producing deposits of a given metal 
th widely different properties by 
irying the conditions of the parts of 
eposition. This study concerns den- 
sity, hardness, tensile strength, Young's 
odulus of elasticity, ductility, elec- 
ical resistivity and stress in the de- 
posit, as well as the effects of heat 
‘reatment up to 1,200 C on certain of 
these properties. 


Plating Solutions and Conditions of 
Deposition. Specimens were deposited 
from solutions containing chromic acid 
a concentration from 50 to 500 g per 
ter together with either (a) sulfate 
vith a weight ratio of CrO,/SO, 
‘om 5O to 100; or (b) fluoride with 
iweight ratio of CrO./F of from 20 to 
00. The range of plating conditions 
vas as follows: Temperature, from 16 





Density, 3a/< rm? 














| 
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Oxygen Content, Wt. Percent 
a 
fig. 1—Relation between density and 


xygen content of chromium deposits. 


to 100 C; current density from 5 to 30 
amp per sq decimeter (amp per dm’). 
Current eficiency of the dilute sulfate 
solution containing CrO,, 50 g per liter 
and SO,, 0.5 g per liter, is about 
double that of the standard solution. 
Curves for the fluoride solutions are 
unusual in that they show 
a moderate currert density 


maxima occur only for 


maxima at 
it} The 
1 limited range 
of fluoride concentration (from 0.8 to 
2.0 g per liter). 


Deposition of Specimens. For most 
measurements the chromium was de- 
posited on a copper tube which was 
then dissolved to ! a tube of 
chromium. The use of a tube has 
some advantages over a fiat specimen: 


: ie 
(1) A more untform current density 


can be obtained on a tube. (2) The 
tubular specimen dees not distort 
when the base metal ts dissolved be- 
cause the stresses are evenly dis- 
tributed. A thin, flat deposit might 
curl or warp. (3) A thin walled 


tube can be handled more safely than 
a flat specimen because it has a shorter 
length of edge. Thin sheets of chro- 
mium are quite fragile. 


Factors Affecting Density. Curves in 
Fig. 1 illustrate the increase in density 
of chromium as the oxygen content de- 
creases; Fig. 6(b) shows that density 
decreases as the current density is 
raised. Because electrodeposited metals 
are in a more severely cold-worked state 
than an ordinary cold-worked metal, 
it might be assumed that the densi‘ 
would be affected. If the lattice ex 
pansion of 0.3 percent as compared 
with chromium annealed at 1,500 (¢ 


Physical Properties of Electrodeposited Chromium 


(observed by Woods for bright chro- 
mium) were all attributed to internal 
strain, this would correspond to lower- 
ing of the density of chromium by only 
0.02 g per cm”. 


The density of chromium increases 
gradually on annealing. These in 
creases were noted at 450 C and 1,200 
C. The density of most deposits afer 
annealing at 1,200 C is still below 7.20 
2 per cm’, the value for chromium 


Hardness. Hardness is the physical 
property of most practical importance. 
Hardness was measured oa a polished 


cross section of a depos't plat 


copper tube. Thickness of the « 
posit varied from 0.075 to 0.25 mm 
A few check measurements showed 


that the same hardness was obtained 
on the cross section as on the surfa 


parallel to the cathode. Measu 
ments were made with the Knoop 
diamond indenter, using loads up to 


500 grams. Hardness of electrode- 
posited chromium may vary from 390 
Knoop to 1,000 Knoop, depending on 
conditions of deposition. In compa¢i 
son, the hardness of cast chromium has 
been given as ranging from 70 Brinell 
to 130 Brinell. 


Effect of Temperature and Current 
Density. Softer deposits are obtained 
at low current densities and at elevated 
temperatures. This statement 
ject to modification and _ restrictions. 
At a given temperature, deposits of a 
considerable range of hardness can be 
obtained by a suitable choice of both 
sition and pleating conditions. 
Solution temperatu If 


is sub- 


comp 


and oxygen content affect the hardness 
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fig. 2. Hardness of electrodeposited chromium varies with the solution tempera- Fig. 3—Effect of the temperature of an- 
ture current density, and in a more general way, with the oxygen content. nealing on the hardness of chromium. 
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pared as described before. Because off about 
their brittleness, the chromium tubeg Figs. 

could not be directly gripped in th@ varies 
| jaws of the testing machine. Gripgand ‘ 
| | were provided by inserting a closely fi to 33 
ting steel rod for a short distance intg some 
the end of the chromium tube, theqany w 
cold-welding the rod to the chromiung highe 
by electrodepositing copper over thon de 
juncture. The midsection of the te Resul 
specimen was protected with “‘stop-off assum 
lacquer during the plating procedure the t 
The method most satisfactory fogbut t 
| determining the modulus in a tubulagare d 
| | | | specimen involves the measurement off ure 0 
| | | | | the midpoint of a tube supported hor The | 
0 | | zontally at the two ends and loaded in the 
20 30 40 50 60 70 80 90 100 690 7.00 7.10 7.20 at the center. A low power Brinefthe s 
Solution Temperature, C Density, g/cm3 microscope was used to measure thé lack 

deflection. Measurements required arg ment: 
weight of load, deflection of the centeg perat 
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Fig. 4—Modulus of elasticity of chromium as affected by deposition temperature. 



































325 Knoop. It is to be noted that de- of tube, length of the tube betwee highe 
posits having about the same oxygen supports, and the inner and outeflt is 
x content may vary 200 points or more in diameters of the tube. Maximunf value 
es | hardness. loads used were about 5 lb. The mod{ mium 
Cause of the Hardness in Chro- ulus is calculated by the following tensi! 
mium. The hardness of chromium formula: than 
” —_ probably results from three factors: 4 PL about 
ae a oxide inclusion, small grain size, E 53 8 de — ds’) —— 
i aa and internal stress, of which the first : _— 
| two factors are the most important. E = Young’s modulus, psi oe 
Chromium deposits have been shown 6 = deflection, in. 1 
+. . bd > — 
= a by X-ray studies to have a small grain P=load lb ate 
‘ d tH! : L = length of specimen, in. than 
0 : size an a gn internal stress. ad; = outer diz ameter of the tube, the d 
0 20 40 60 80 100 120 140 160 : ; ; ‘a liameter of the tube, it ’ 
Thichnees-Saches a? Machinable Chromium. Production 2 = inner diameter of the tube, in. 

of a machinable chromium plate is of ‘ —  hesnien 
: “ . Beate : For this formula to hold, the strait part; 
Fig. 5—Relation between the residual interest for special commercial appli- a 
EF a i ae must be less than 0.2 percent. electt 

stress and thickness of chromium deposits. cations. The soft deposit may be ob- : 
. ; d Results of tensile strength—moduluf Fo, , 

; tained from a plating solution con- 

of the electrodeposited chromium, as test. were 


taining only CrOs, 50 g per liter; and 
SO,, 0.5 g per liter. At 85 C and 20 
Effect of Composition of Bath. As amp per dm?, the cathode current eff- 
compared with temperature and cur- ciency is 15 percent, as compared with 
rent density, the composition of pla- 8 percent for Gardam’s solution. 
ting solution has only a minor effect of 
the hardness of the deposits. 


shown in Fig. 2 Measurement of the inner and outef op ¢} 
diameter of the tube may have thi per | 
largest effect on the accuracy of thf deve 
modulus. High uniformity of w4f into 
thickness was difficult to obtain, anf ing , 
Tensile Strength and Young’s Modu- for this reason reported values can bf can | 
lus. Chromium tubes were used, pre- considered accurate to within onif dilut 

















































































Effect of Heat Treatment of Chro- solut 
mium. Chromium softens on an- 70 ; taini 
nealing at high temperatures starting / | ; | | | | = 1) Resu 
about 400 Centigrade. Hardness in seolV XA am os | - 697 diffe 
all types of deposits drops to 200— ~ Uj | | Fig. 
250 Knoop after annealing at 1,200 C & Ys, — A a 
for 1 hour 1 50 “fy } t—J Sis 5 deposite 01m If Elect 
; E J GZ | sity | | E f inde 
Relation Between Hardness and Oxy- F 4ob 1QKYyy » il | |_| 450° for Ihr)” 05> p but 
gen Content. Oxygen content is one of > | pty J i vaativity ty (Heated fo 490 fort) |» Eh ance 
the most important factors affecting | ~ LK WQWAAWwW 2 | for 1 
: ’ 30- — : ted h 450'for J.) 7.09 “a 
the hardness of chromium. Data in Pg | SPA SEY ass ta +—4---4 cE dens 
Fig. 2 (c) for all types of deposits 2 | Gye) Yj ay (Heated 10 y 4200" ) 
: +, 1} KY. =O 47.13 
shows a definite trend of hardness with 2 ” | LY J Ot fer ie Sum 
y 7 i _ 4 | <———- ous 
—— one, but _ aye’ Ag eed : = 10 | 1 | = e ne SS om ae 4 200° for /hr\s717 . 
lationship. According to this figure, if | i | | mn 
the oxygen content of the deposit is P | | | | | | | e 
above 0.12 percent, the deposits have a 30 40 50 60 70. 8 W 1000 10 20 30 40 50 60 70 8 9 , 
hardness ranging from 650 to 1,000 Solution Temperature, C Current Density (Amp/Dm?) chrc 
Knoop, and if below 0.12 percent, the _—F thos 





hardness ranges from 625 down to Fig. 6—Relation between electrical resistivity and plating conditions of chromiu! hes 
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}ecauise off about 5 percent. Results are shown in hardness—200 Knoop; density—7.20 physical properties close to those of 
um tube Figs. 4(a), (b). Tensile strength g per sq cm; Young's modulus annealed deposits. The inference is 
ed in th@varies from about 15,000-80,000 psi, 36 x 108 psi; tensile strength—70,- that these deposits are the purest and 
e. Gripgand Young’s modulus from 12 x 19® 000 psi; resistivity—13.0 microohms soundest and are most likely to be 
closely fifto 33 x 10° psi. These values are —cm. Some deposits obtained at tem- satisfactory for any purpose other 


somewhat erratic and do not show 
any well defined trend, except that the 
higher values of both were obtained 


tance intd 
ube, theq 
chromiunl 


peratures between 85 and 100 C have _ than those requiring high hardness. 








over thgon deposits made on 85 C or above. 

f the tefResults can best be interpreted on the : “1° : y ' 

stop-off assumption that they do aes represent Properties of Trailing Electric Cables 
>rocedure§ the true values of these properties, 

ctory fogbut they are effective values which From “Essential Characteristics of Design cal stability; and (6) flame resistance. 
a tubulagare dependent on, and hence a meas- = ge ae ee a Le song Bocggesedl In addition, the cables must have sufh- 
rement offure of, the soundness of the deposits. foe ie coal gery AIEE Gen- cient strength to withstand reeling, 
ted honf The presence of cracks and inclusions eral Meeting, Pittsburgh, Pa. unreeling, sharp pulls, twisting, flex- 
1d_ loaded in the deposits, or pits and nodules on eorep CABLE PROPERTIES include; "8 49d bending. 

2t Brinelfthe surface, causes low results and (1) Flexibility, both in ease of bend- Some common cable types, usual 
‘asure thal lack of consistency in the measure- ing and ability to withstand many uses, and important design features are 
quired axfments. The deposits at elevated tem- pends: (2) wear resistance of outer included in Table I. Table II com- 
the cente peratures are sounder and hence give jacket; (3) heat resistance; (4) crush- pares three materials used for cable 
> betwee higher values of mechanical properties. ing pe impact resistance; (5) chemi- _ jackets. 

ind outef It is believed that the most reliable , i 

Maximus§ value of Young’s modulus of chro- 


The mo Table I—Comparison of Different Types of Common Cables 


mium is about 36 x 10° psi. True 
following 


tensile strength is probably greater 
than the highest observed value of 
about 80,000 Ib per sq inch. 


Service 
Conditions 
or Hazards 


Some Important 
Design Features 


Cable Remarks 


Usual Use 








ve- Sheaves and guides 


Ductility. Measurements showed that Single conductor Locomotives Reeling Good adhesion 


ductility is low. Apparently chro- 
mium breaks within the elastic limits. 
Plated metal cannot undergo more 


Motor leads Pulling 


Runovers 


Twisting 


2 Conductor, Loaders Reeling 


tween insulation and 
conductor and insu- 
lation and jacket 


Good adhesion of in- 


in service should be 
placed to reduce 
twisting. 


Good runover resist- 


than slight flexing without cracking 




















i : flat twin types Cutters Pulling sulation and jacket ance. Economical of 
e, in R yf ae 
e, in. the deposit. W&G Shuttle cars Runovers space on reels. Type 
. _— : : Locomotives Twisting G has flat ground 
_p Stress in Chromium Deposits. Metals, Crushing wire between con- 
the strai particularly chromium, produced by & Impacts ductors. Sliding of 
electric deposition are highly stressed. conductors when 
-moduluif fF : bent on major axis 
UF For example, deposits plated at 65 of not recommended. 
F were relatively free from cracks while — ' Reel; a Eee ee ee ee Ty 
and oule on the cop er base: but when the cop- Zz Conc uctor, ocomotives mn Ing s00d adhesion be- JNot as good on run- 
have the oo hy P Pee mae of t 4 concentric Shuttle cars Pulling - tween insulation and overs as flat twin. 
; “| Pet base was dissolved, some of these Runovers conductors and in- Flex-life less also 
cy of the developed a network of cracks and fell Twisting sulation and jacket twisting should be 
" of WF into fragments. Troublesome crack- held to a minimum. 
tain, anf ing of the high temperature deposits 2. 3,4 conductor, Cutting Reeling Good adhesion be- Have good flexlife 
1es CaN XP can be largely eliminated by using a round Types Loading Pulling tween jackets and can stand run- 
thin nlf dj : . W andG Shuttle cars Runovers overs well. Type G 
ilute plating solution or one of the Twisting has ground wires in 
— solutions (described in the paper) con- Crushing interstices. Not as 
one taining fluoride instead of sulphate. & Impact economical of space 
aol Results obtained by deposits made at a ee 
: . ric. 
o97_ | different temperatures are shown in the 
Fig. 5 chart. : : : 
-4 Table II—Typical Properties of Jacket Compounds 
7.01 § Electrical Resistivity. This may be an For Mine Trailing Cables 
é 1 of the character of the deposits, Sinatrennamandseaaaiaaninisias 
iS . ; : | | | 
- UD) u t o 7 | . , 
p) {78 tit 1s not of much practical import Property | Neoprene | Buna S Natural 
— |} nce in itself. Fig. 6 gives the data j Rubber 
Ar. )17.09 % for numerous temperatures and current es — = 
| £ FE density, - 
Ar )| ” Initial tensile, psi.... 3,000 2,800 4 000 
ial 7 ‘ . Ser ee a eee c 26 c 
Summary. As the — of vari- — elongation, percent 7 200 sui 0 : 00 
| ° d eee eee ee excelien “1e | FOO 
br) 17 ny ty pes of electro eposited chro- * ng ODO : good excellent | bina good 
Mium approach a common value after Tear (ASTM), lb per in 110 55 55 
the chr: ium has been heated to 1,200 Abrasion oo excellent fair ; very good 
9 C, the properties of this annealed Brittle point, C an — 306 ws 
chromin é Flame resistant yes no no 
— im may be considered 2 De Os weciecet yes oe wt 
—— Ose of pure chromium. Values of Light checking. ..... excellent good good 
chromiut these properties are summarized as: 
ry, 194) Propucr ENGINEERING — JuLy, 1948 139 
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Table 1—Safetying Devic 


es for Nuts and Bolts 



































See . 
Saberiinn Device Fig. 2 Advantages Disadvantages 
“FORM LOCKING 
Castellated nut with Reliable safetving. Bolt itself need! If cotter pin hole does not have correct position, safetying is 1 
cotter pin not be safetied. possible. Binding at slots of crown when nut is screwed on 
Too much time if accessibility 1s bad. 
Large number of cotter pin sizes of different length and d 
must be kept in stock. 
Expensive (slotting and drilling of castellated nut takes 1. 
times as long as plain hex nut 
Castellated nut with Wire used from roll, no stock prob-| Time used to twist wires. Poor appearance 
wire lems. Possibility of a cut wire falling in mechanism. 
Wire will also safety a loose bolt. Possibility of error in wiring (incorrect wiring allows nut tos 
Safetying with metal With good accessibility, a useful,| Bolts must be safetied separately, otherwise safety has no et 
sheets quickly installed safety device. Long time to safety, when accessibility is poor. 
When sheet is used several times, a bent part may break off 
Formed parts and \)-(G Safetying good when design fits) No standard parts. 
springs need. Often complicated and expensive. 
Union nuts with wire Difficult and expensive. 
satetying 
Union nuts with spring (H) Easy to handle. Expensive. 
wire formed part 
JAMMING SAFETY DEVICES 
Jam nuts Simple. Great height, heavy, expensive. 
Nuts with fibre safety (1) Simple and convenient. Nut and) Cannot stand repeated unscrewing. 
safety are single unit. Sensitivity to heat (good only below 100 C 
Nuts with rolled-in Resistance to oil and heat. Safetying action lost if platelets are plastically deformed. 
platelets 
Spring washers with Simple in use. | No good with repeated unscrewing. Cuts groove in seat, bite « 
ends bent up and plain spring action become weaker. Weakens at high temperatur 
Injures light metal seats unless used with extra washers. 
Toothed spring washers (J) Simple, convenient. Same as above, but in addition, lessened spring action. 
Pal nuts (K. Simple, light Damages bolt thread. Sometimes not possib le to unscrew nut 
“Contra” nuts (L) Simple, convenient. Nut and| Moment of friction pr actically constant. 
(M) safety are single unit. Useful at Difficultie sin production in maintaining constant strength in spr 
temperatures, where fibre fails. | Difficult in installation due to high friction moment. 
Ratchet nut (N) Simple, convenient. High moment Bolts must be slit. Cannot be used interchangeably. Constr 
of friction remains constant. tion and finishing complicated. 
Carrying capacity of thread lowered by ¢ cutting thread. 
Slit, spring—type nuts | (O)-(Q) | Simple to use. Difficult to install due to high friction moment required. 
Certain designs expensive to manufacture. 
Safetving by difference Cheap to manufacture. Simple to) Bolts are not inter: sha ingeable with standard. 
in thread pitch between install. \bnormal tools and gages needed. 
nut and bolt High moment to overcome friction on installation. 
~ . | a 
Safety Devices for Nuts and Bolts | 
From report on “Safety Devices for Nuts and Bolts” by Hans 30 
Schaefer; Muenchen, Germany, April 1944. Translated by Air 
Documents Div., Air Materiel Command, Report F-TS-2753-RE. 
D 
; aM ree . x 
IN GENERAL, absolute safety against loosening does not = 90 
exist, although all safety devices for nuts and bolts protect By 
against complete loosening and loss of a. » 
Safety devices for nuts and bolts may be classified as: c Ratchet nut Fig. 2(N) 
(1) Form locking; (2) jam locking. Form locking devices iS 10k —— 1S, ree + 
depend on mechanical interference of parts for safetying pe Contra’ ra" nut FOE 
= + + =. 
> ; = aaa 
action. Jam devices ¢ lepend on friction developed between Nut with pee wahel pana? ec 
nut and bolt. Shown in Fig. 2, are a number of form al 
locking and jamming devices. The advantages and disad- 0 © 2 30 40 50 60 70 80 
vantages of these types are given in Table I. A measure Number of Times-Nut Tightened 
of performance for jamming devices is the friction eel 
moment (see Fig. 1) required to tighten them. Fig. 1—Tightening moment needed to overcome nut frictio? 
140 Propuct ENGINEERING Jury. | 
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A B S T R A G z S . + 
a 
Tooth turned 
= during tightening 
ae, 
Ving Is n r 
id di meteq A 
Ss L.¢ ) ~ 
2 ene SS ANS?) i 
A) Sheet safetying for (B) Spring cross-piece for safetying. Spring 
hexagonal nut Cross-piece troublesome in assembly. Loses 
Ae : | sofet t 
» slack of elasticity after much bending,needs room. eens te must be 
» eff large to attain sufficient spring 
action(needs space) 
a O_O} 
E) Flat-spring safetying (expensive) limited in usefulness (C) Special safety for nuts on 
= (cast parts). Rather finely adjustable cylinder fastening (expensive) [ 

(F) Special safety on 
injection pump, with 
notched teeth 

at, bite al — 
ature = 
p—4 
— 
— 
w nut — 
_—- = 
a 
-h in spring 
Construc 
, 
Pa (L) “Contra “nut 
(1) Nut with fibre safety 
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et metal nut (from (N) Ratchet nut (O) Slit,spring-type nut 
‘ured engine) 





(K) Pal nut (schematic) 7 


Bent down 


Es) BK 


Sa 
Bent in’ = 
(P) Nut from captured engine 


(Q) ) Split- spring 19 type nut 
(complicated and 
expensive to manu- 
facture 
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itetying devices for nuts and bolts. Safety devices for new applications must be tested before putting them in service. 
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LARGEST Bausch and Lomb optical comparitor in use at NYU Gage Laboratory to 


discover accurate dimensions of razor blade as measured from the centerline. 


Axes on 


ground glass screen, large magnification and vernier adjustments make possible 
measurements to one ten-thousandth laterally and one minute angularly. 


University Maintains Contact with Industry 


New York University College of Engineering is helping solve industrial 
gaging problems and teaching latest methods in modern laboratories. 


A PREPARED INDUSTRY can shorten the 
mobilization cycle in time of emer- 
gency and this was the topic at the 
recent Ordnance Gage Conference held 
at New York University. The College 
of Engineering and the New York 
Post of the American Ordnance Asso- 
ciation joined to conduct this confer- 
ence to discuss problems incidental to 
ordnance production under wartime 
conditions. 

This was the latest step of the uni- 
versity in its efforts to reduce the dif- 
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ficulties encountered during a period 
of rapidly expanding industry. Dur- 
ing such times too many things are 
changing at once, and manufacturers 
begin to wonder if they will produce 
anything. Designs change, schedules 
change, quality standards change and 
priorities are not constant. 
Aggregate opinion of this confer- 
ence was that flexibility of business 
enterprises is necessary and that flex- 
ibility can be best achieved by training. 
Dr. J. M. Juran, Professor of Admin- 


————— —<$<——= fuper 


ronsta 


istrative Engineering, NYU, empha. pad & 
sized that training necessary to prepare pny: 
for an emergency will pay off imme" hi 
diately. Management problems are al- = 
ways the same: How to achieve uni. -— 
form production flow; how to measure me | 
a day's work; how to control quality Th, 
to do the job right the first time, andJ. 
how to save manpower. : ' 

Some of these problems can be 4 ‘ 
solved in a gage laboratory and others sage 
can be reduced by inter-company dis. =p 
cussion. Primarily, all personnel con . 
nected with production should be inf. rt 
stilled with the idea of making a par 0p 
meet specifications instead of making . 
it to get by the inspector. In step with ee 
this is the industry shift to giving 7 
machine operators gages that are ac ‘ st 
curate. As pointed out by C. W hin 
Kennedy, Quality Control Engineer, te 
Federal Products Corp., the produc. Ries 
tion man should have the most dis. th 
criminating gage. He is making parts 
and should make them right—inspec- 
tors just check parts and do not nee 
more accuracy. 

The NYU Gage Laboratory w 
established through the cooperatio 
of the school and the New York Ord 
nance District. In accordance wi 
U.S. Army Ordnance objectives, th 
laboratory is equipped to handle all 
phases of practical gaging problems 
The laboratory facilities are availabl 
for making precise measurements in 
industrial research problems and a 
continually used in large research prof 
ects carried on by the university. Sub 
jects in which accurate measuring i 
necessary, range from experiments 
determine eye size changes produc 
by diet changes, to cual studi 
of jet motor action. 

Largest single duty of the laboratoy 
at this time is the training of mo 
engineering undergraduates in the u 
of gages; their advantages and limits 
In many instances students help 
solve problems submitted by ind 
trial concerns. Students leave this | 
with basic concepts of industrial a¢ 
curacy, and with knowledge that toler: 
ance limits are rapidly approaching 
each other. 

Ordnance officials have said that the 
huge investment in expensive gage 
would be best expended if the gag® 
were worn out in teaching st idents 
graduates and key industry personne 

During World War II, the NY‘§Tur 
Gage Laboratory was used in checkinif&per 


gages, for checking masters, jigs 2 mtPo 
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o = 


§ rea 
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products, and for training inspector 
—— peer vis0rs. The laboratory staff is 
lonstantly in touch with industry and 
keeps up with the latest production 


that theories must be proved. They 
are trained to think of meine as a 
check on the manufacturing process 
rather than as a sorting out of good 


mali ind gaging methods. In another emer- parts from bad. The manufacture of 
é Dy, the experienced staff can draw ordnance parts calls for the most exact 
O prepare : . : ; Re 
St ines industrial knowledge and student plan for interchangeability because the 
a. oon i eaching practice to process large parts are not assembled until they 
rie a juantities Of inspectors. At the same reach the firing line. 
one Rees ime they will be aiding industry with The Ordnance Gage Laboratory, 

-aSure e 


heir accurate equipment. 

The laboratory can check accuracy 
pf simple or multi-check gages, can 
ise light waves in making accurate 
lane measurements, and has complete 
kets of gage blocks and thread measur- 
ng wires. 


backed by government funds and 
working under contract with the U. S. 
Army Ordnance Department, is doing 
much to interest industry in prepared- 
ness for any future emergency. How- 
ever, the university is doing other 
work to coordinate planning efforts of 


=) | quality 
time, and 


; can be 
nd others 
pany dis. 


— ‘Ont Gage Laboratory facilities are also industry, research organizations and 
re ID- : — : 
© ised for training supervisors and key government departments. 

g a part 


Management round table discussions 
on work simplification and quality 
control have brought together experts 


yf making 
step with 
to giving 


erested in the “how” of gage use, are 
more concerned with the “why”. For 


ls in industry. Such men, while in- 





hem, advanced courses are planned from many industries. The round 
At are ach standardization, plan for inter- tables are ten meetings held one day a 
y_ C. W thangeable manufacture, control of ac- week for ten weeks. Not more than 
ares furacy of gage systems and control 15 men from industry, and university 
. produc pf quality at the source. personnel, discuss problems they are 
v0 dis These men are shown that industry currently facing. 
ae Ao s really the laboratory and it is there Attendance records indicate that 
not need — 



































atory was 
ooperation 
York Ord 
ance with 
ctives, thi 
handle a 
problems 
> availabl 
ements ini 
s and a 
earch prof 
rsity. Sub 
asuring 

riments t 


7 prod 
ed studies 


laboratory 
g of mos 
in the u 
and limits 
ts help t 
by ind 
ve this la 
lustrial a¢ 
- that toler iia 
pproaching a 
aid that thy We 

sive gage «@ 
' the gage 

g st idents 


ersonne 
the N} STUDEN ['S working on actual industrial problem at NYU Gage Laboratory under 
in checkil@pervision of its director, Professor W. A. MacCrehan. Laboratory serves double 


rs, jigs ancfe'tPose of student instruction and nucleus for wartime gaging centers. 
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these meetings are helpful to plant 
managers, operating executives, qual- 
ity managers, chief inspectors, chief 
engineers and product engineers. 
Round tables discuss current practices 
and work together to solve actual prob- 
lems submitted by the conferees. 

New York University, through these 
activities, is reducing the gap between 
classroom theory and practical ap- 
plication for its students; is removing 
some of the mystery that originally 
surrounded mangement engineering, 
and is helping to keep industry flex- 
ible and well-trained. 


Recent Survey Shows 
Engineers Development 


GROWING TREND OF SOCIETY to recog- 
nize, importance of the engineering 
profession as a vital part of community 
and economic life has been shown by 
a survey of 17 leading engineering 
colleges. The survey, handled by 
Brown Instrument C€Co., Division of 
Minneapolis-Honeywell Regulator Co. 
and discussed by George M. Mus- 
champ, vice president in charge of 
engineering, presents appointments of 
engineering leaders to government, 
military and industrial committees as 
evidence of public recognition of engi- 
neering profession. 

Originally, the survey was intended 
to discover whether there would be a 
sufficient supply of engineers to meet 
increasing demand, or whether supply 
would exceed demand. It was also 
hoped to discover what was being 
done to close gap of inexperience that 
exists between book knowledge and 
practical application. 

Colleges surveyed show student 
body increases ranging from 50 to 325 
percent over 1941 figures for similar 


courses. Including summer students, 
6,441 engineering degrees were 


granted in 1947; an increase of 98 
percent over 3,250 graduates in 1941. 
Current enrollment indicates 1948 
graduates will show 104 percent more 
graduates than 1941. Because present 
classes contain many students whose 
courses were interrupted by war serv- 
ice and industrial needs for trained 
engineers are still increasing, over- 
supply will not be an immediate 
problem. 

Colleges and industry are cooperat- 
ing to reduce gap between classroom 
study and industrial work. Colleges 
are placing increased emphasis on de- 
sirability of their staffs to retain active 
contact with industry problems. Cur- 
riculums are being expanded to in- 
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clude more practical work and many 
industries are instituting post-gradua- 
tion courses. Brown Instrument Co. 
conducts classes and discussion groups 
throughout the country and maintains 
a school where new men and customer 
users of Brown instruments are trained. 
This is representative of many similar 
industry programs. 

The survey shows that war caused 
previously unreached understanding 
between the three main technical 
groups. The groups are best described 
as: (1) Theorists, discoverers of basic 
knowledge, (2) determiners, engi- 
neers determining practical application 
of fundamentals, and (3) practition- 
ers, the production engineers. Up to 
the war there was technological class 
distinction between the groups and 
varying degrees of misunderstanding. 
Each of the three groups was forced 
to understand purposes and impor- 
tance of the other two groups because 
of war pressure, 

Mr. Muschamp concludes that, “If 
the survey has done nothing more, it 
has brought to light the encouraging 
developments which are occurring in 
the engineering profession. Summa- 
rized, they are the improved conditions 
including the increasing number of 
students who are entering the engi- 
neering field, the expanding accept- 
ance of the engineering method within 
industry and government, the gradual 
closing of the gulf between the gradu- 
ate’s college life and his entry into the 
commercial world, the increasing civic 
consciousness of the engineer, and the 
pulling together of the previously 
loose and unrelated activities of the 
theorist, the determiner and the prac- 
titioner.”’ 

To avoid future lack of men trained 
of the three main engineering groups, 
these groups should work in coopera- 
tion, but should not lose their separate 
identities. 


Micro-Wave Research Tower 
Recently Completed 


To carry out complex research in the 
micro-wave area, to dev elop communi- 
cation for micro-waves and to 
investigate radar systems, the Federal 
Tele-communication 


uses 


Laboratories re- 
cently dedicated a micro-wave research 
tower at Nutley, N. J. Federal, re- 
search unit of International Telephone 
and Telegraph Corp., has been actively 
pursuing micro-wave studies for many 
years and now predicts world-wide 
links of micro-waves used to carry 
telephone, telegraph and television. 

Basically, the micro-wave field has 
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opened large channels in the radio 
spectrum that was considered hope- 
lessly overcrowded. These new chan- 
nels are wide and are capable of 
handling a large number of telephone 
or telegraph simultaneous communi 
cations, rapid signals such as used in 
aerial navigations, or a limited number 
of television links. 

A new method of transmissions, 
Pulse Code Modulation, first 
in ITT System Laboratories, 
progressive deterioration 
speech quality as distance is increased 
It is now possible to engineer circuits 
of this type that can extend as far as 
limits of land. 

It is believed that micro-wave links 


con 
ceived 


avoids Oi 


are better adapted to spanning com 
paratively undeveloped regions than 





MICRO-WAVE research tower has roof 


radar an- 
tenna, three enclosed working areas and 
elevator. disks at upper left are 
sending and receiving points for micro- 


wave link to Telegraph Hill, N. J. 


working area with scanning 


Twin 


N E W 
Radio links 
partly attended repeater stations cve; 
30 miles, while cables must have co; 


coaxial cables. 


tinuous right of way with repeater 
every 7 or 8 miles. Micro-wave link; 
do not use as large quantities of cri 


ical materials—lead, tin and copper 
as cables, and would be easier to mair 
tain and police during periods | 
emergency. 
The 300 


ft., aluminum-sheathe 


tower has three inclosed landings fo; 
research purposes and several interjo; 


platforms for installation of equi 


ment. Seventy-five percent of the towe 


weight is concentrated between t! 
212 and 300 ft. levels. Weight co 
centration and requirement that tow 
top deflection not exceed 10 in., nece 
sitated unique construction. Requit 
ment for small deflection was s 
because a greater variation would ir 
troduce focussing difficulties. Micr 
waves travel on line of sight and \ 
be accurately directed. 

Other studies to be followed at th 
tower include distance measuring rad 
and two-color aided radar. The Di 
tance Measuring Equipment (DMI 
is a radar device that provides cor 
tinuous and accurate measurement | 


distance from an airplane to fixe’ 


ground beacons. This apparatus mi 


be incorporated in aerial navigatio: 


and traffic control systems now und 
consideration. 
Shown publicly for the first tin 


during dedication ceremonies two-colo’ 


radar is expected to bring new efi 
ciency to airport traffic control. T! 
system is being developed by Feder 
under contract from the Watson La 
oratories of the Air Material Con 
mand, Redbank, N. J. 

With a scanning rate of once Pp 
second, 6 to 10 times faster than pre 
ent antenna rotation, the new equ! 
ment shows a more continuous sce! 
on viewer screen. Another advantag 
of this new system is improveme 
of by “aided” radar. Clar 
and range of ordinary radar pictu 
has been increased by providing 
planes with a “responder” that 


echos 


turns an echo 10,000 times strong 
than actual echo. Beside increasif: 
range, stronger signals make it pt 


) 


sible to eliminate large portio 
ground clutter. 

Natural and artificial echo pips 
be optically combined for viewing 
one radar scope. Aided response Pp! 


appear as brilliant green dots 
natural echoes appear as amber spo 
A plane not equipped with a 5 
ondary radar responder—or an cnet 
plane—stands out clearly. 
Propucr ENcInrERING — JuLy. 1% 
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Washington Notes 


Supersonic Wind Tunnel 
Reaches Mach Number Four 


High-speed  flexible-throat —super- 
sonic wind tunnel (PRopucT ENGI- 
NEERING, December 1945, page 856) 
has recently been dedicated at Aber- 
deen Proving Ground, Md. During 
dJedication ceremonies, this wind tun- 
nel operated with a wind velocity four 
times that of the speed of sound. 

Conceived in 1939 by Professor 
von Karman the design of this tunnel 
is the first incorporating a method for 
hanging throat area without making 
it necessary to change throat section 
omponent. The vertical sides of this 
wind tunnel are stationary plates. The 
top and bottom sections are 3 in. spring 
steel plates that can be formed to pre- 
viously calculated contours by use of 
screw jacks. The jacks are positioned 
by a series of accurately ground cams. 
lhe shape of the throat must be accu 
rate to within 0.001 in. and models 
tested in this tunnel must be machined 
to within 0.002 in. This 1s necessary so 
that unwanted shock are 
generated. Moving plates are scaled 
by inflated rubber tubing. 

Supersonic wind tunnel 
tion will be greatly speeded through 
ise of the flexible throat. No longer 
will it be necessary to hold up work 
until a large batch, requiring the same 
wind velocity, has been 
Now, tests can be run 
without regard to Mach number. 


Waves not 


investiga- 


gathered. 


as need arises 


Non-Inflammable Hydraulic 
Fluids Announced by NRL 


First successful non-inflammable hy 
draulic fluids have recently been an- 
nounced by scientists at the Naval Re 
search Laboratory, Washington, D. C. 

Called “hydrolube” fluids, thes« 
liquids are water-based and completely 
avoid fire hazard resulting from use 
of petroleum-based fluids in hydrauli 
systems, Specifically developed aS 2 


satccuard against fire in aviation hy 
dr: systems, these fluids have been 
rigorously tested for two years in navy 
pl The Civil Aeronautics Ad 
mit tration is currently testing hydro 


for possible commercial airline 


1S The Navy's Bureau of Aero- 
na (which has sponsored the hy 
{1 e development along with the 
O; of Naval Research) has ap 


pi 1 the water-based fluids for use 
ire Naval aircraft. 
sé fluids are adaptal le to com 


t ! 
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New Underwater Ordnance 


THIS LARGE STEEL PRESSURE TANK, 
which will be used to simulate hydro 
Static pressures encountered by under 
water ordnance, has recently 
manufactured by the Babcock and 
Wilcox Company of Barberton, Ohio 
for installation in the Naval Ordnance 
Laboratory's Mechanical Test Bldg. 
at White Oak, Md. 

Although designed to withstand up 
to 2,000 pounds of pressure per sq. in., 
the tank is expected to be operated 
normally at pressures approximating 
1,000 pounds per sq. in. It will be 
used exclusively in testing heavy ord 
nance, and pressure may be applied 


been 


cither through use of air or water. In 
cither instance, however, serious engi 
neering problems will be encountered 
It is expected that these will be solved 
by members of NOL’s Me 
Evaluation Division long before com 
pletion of the building in which th 
tank is to be installed 
Cylindrical in shape, the 


hanical 


tank 1s 





Testing Tank 


about 38 ft long and 9 ft in outside 
Weighing 105 


Stee i 


diameter tons, it 1S 


constructed of with an 
thickness of approximately 5 in. Its 


This with 


Ave PA pre 


Capacity 1s 55 tons of water 
pressure applied due to elasticity of 
the tank and compression of the water 


will leave about 10 cu ft within the 


tank unoccupied. The tank was as 
sembled from four individual cylin 
drical sections which were welded 
together to form one structure. Welds 
have been submitted to latest metals 
testing procedures, including X-ray 
to insure that the ) will hold uy unde 
large pressures 

The tank will be equi} ped with 


Hydraulically 


operated, this door during actual pre 


door weighing 40 tons 
sure tests will be sealed with a pres 
With this type of seal 
ing it is expected that pressure leakage 
the during 

| 


eed one cul 


surized gasket 


from tank operation will 


not cx ic foot per hour at 


temperature 


normal operating | 





mercial hydraulic systems where ther 
is danger of fire such as in foundrys 
and machine shops. They are finding 
USE In hot 
metal linotype equipment and process 


die-casting equipment, 


ing equipment in steel mills. Cost 
ing from $2.50 to $3.00 per gal 
several grades of hydrolube fluid are 


| 


1 
being manufactured commercially 


Scientists—Draft or Defer? 


National Se 
(NSRB) its 


aint 
ontrolling agencies in 


The 
Board 


of th 


urity Resource 
going to be on 


lraftinyg 


or deferring scientific personnel under 


I 
thie iratt law 


Present bills don’t say 


anything 


specifically about scientific deferment 
What the law will do howevet 1 
direct the pre ident to handle such 
problems administratively. The think 
ing of Congress 1s this Local draft 
boards handled deferment prol lem 
well during the past war. However 
they are not equipped to decide pecial 
questions of deferring scientific man 
powcr! On the other hand, there 1 
no way deferment provision n | 
vritten into the law Law mak 
vould like to se pe ial P| oard 
Ct uy to handle scientist 

Senate version of the draft lav uid 
The Congress further declat tha 
idequate provision for national 
irity requires maximum cifort in the 
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fields of scientific research and de- 
velopment, and the fullest possible 
utilization of the Nation’s techno- 
logical, scientific, and other critical 
manpower resources”. The House bill 
was not this specific, but contained 
same basic authority. 

Both Houses agreed that NSRB 
should be the agency to set up policies 
for best utilization of nation’s man- 
power. They also agree that NSRB 
recommendations, approved by the 
president, can provide sound defer- 
ment criteria for scientists. 

One thing is sure; there will be no 
blanket deferments of scientific people. 
Each man will be handled on an in- 
dividual basis. 


House Committee Plans 
Synthetic Liquid Fuel Industry 


First detailed blueprint of govern- 
ment plans for priming the costly, 
slow-growing synthetic oil industry 
has been written by the House Inter- 
state and Foreign Commerce com- 
mittee. It re-wrote the Wolverton bill, 
approved it unanimously and hopes 
to get it through the House this 
session. 

The new goal is far from the 9 
billion dollar, 2 million barrels per 
day program pictured by Secretaries 
Forrestal and Krug as the desired goal. 
The committee wants a_ technically 
advanced, easily expandable founda- 
tion for a full-scale emergency indus- 
try. Total cost in loans to private in- 
dustry and government-owned plants 
not to exceed 350 million dollars; pro- 
duction to be about 30,000 bbl per 
day. 

Since private industry is building 
commercial plants for production of 
synthetic from natural gas, the com- 
mittee feels no government backing 
is necessary for this type 


How Much Power for 
Science Foundation Director 


The House of Representatives re- 
cently held two-day hearings in efforts 
to answer this dilemma. The Science 
Foundation bill is still having troubles 
in passing Congress. 

Earlier, Senate sponsors of the bill 
claimed they’d reached agreement with 
the Administration, but the Director 
of the Bureau of the Budget, speaking 
for Administration, strongly called for 
including a provision that was struck 
out by the Senate. This stated in so 
many words that the Director of the 
Foundation would exercise powers of 
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the Foundation within general policies 
set by Foundation members. Senate 
sponsors, who struck out such a pro- 
vision they had originally included, 
held that it was enough to state that 
the Director shall be the chief ex- 
ecutive officer of the Foundation. 
Net result has been to again raise 


N E W § 


question of Presidential veto. The 
Budget Bureau held that the authority 
for making contracts and grants, a 
the bill passed the Senate, would rest 
completely with the 24-man Founda. 
tion. Congressmen were reminded that 
this was a major presidential criticism 
when vetoing last year. 





Insulators Used to Control 
And Amplify Electric Current 


A RADICALLY NEW METHOD of con- 
trolling flow and amplification of 
electric current—one that may have 
far-reaching influence on electronics— 
has recently been discovered at Bell 
Telephone Laboratories. 

The method is based on a discovery 
that when beams of electrons are shot 
at an insulator, in this case a diamond 
chip, electric currents are produced in 
the insulator that can be several hun- 
dred times as large as the current in 
the original electron beam. Essentially 
it means causing an insulator—which 
by definition will not conduct elec- 
tricity—carry considerable amounts. 

If certain engineering problems can 
be overcome, the techniques may lead 
to the development of important new 
electron tubes. For example, Bell 
Lab engineers feel this technique 
might profitably be applied to de- 
velopment of an entirely new means 
of obtaining high amplification. 

This development is also expected 
to be of considerable theoretical value 
because it provides a new and power- 
ful tool with which scientists hope to 
learn more about the fundamental 
structure of solid matter and how it 
behaves under the impact of electrons. 

Methods of amplifying currents in 
gas or vacuum tubes have been known 
for about 35 years, but this is the first 
time that it has been done in solids. 
Such an accomplishment offers a wide 
variety of possible applications and 
opens an entirely new field of elec- 
tronics for investigation. 

Since the technique was discovered 
by purposefully bombarding diamond 
chips with alpha particles, the rela- 
tively heavy, positively charged bits 
of matter shot off by radioactive sub- 
stances, improved laboratory tools for 
detecting and counting alpha particles 
may soon be available. Such a de- 
vice would do essentially the same 
thing as the familiar “‘Geiger counter”’ 
but would be smaller, require lower 
operating voltage and have a faster 
counting rate. 

One of the most important features 
of this new technique is that the in- 





MOUNTED in a ceramic tube socket and 
bombarded with a beam of electrons, a 
tiny diamond chip yields electric currents 
as much as 500 times as large as the 
current in the original beam. 


duced currents are produced within 
short times. Time required is s0 
brief that thus far it has been im- 
possible to measure it. The investiga- 
tors are certain, however, that it ts 
less than one ten-millionth of a second. 


Aberdeen Proving Ground 
Adds Stratospheric Facility 


Actual firing tests of aircraft guns 
and ammunition under simulated at- 
mospheric conditions encountered in 
combat flight can be run in the new 
chamber recently dedicated by the 
Army Ordnance Department at Aber- 
deen Proving Ground, Md. 
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The new stratospheric facility, which } Pr 
has been under construction since July SE 
1945, is the largest firing chamber wnt 
in the world capable of simulating | 
both changes in temperature and at- hel 
mospheric pressure occasioned by fast ™ 
aircraft. Starting at 70 F above zero J) 
and sea level pressure, aircraft weap- J 
ons as large as the 105 mm cannon J 
can be fired as temperature and pres: J ,., 
sure are varied to simulate an aircraft J 
ascending at the rate of climb ol 
5,000 ft per min, up to 50,000 ft J yy, 
altitude arriving at a temperature Of ff o¢ 
70 F below zero and a pressure of fy. 
about 1.7 pounds per square inci me 

The facility consists of an insulated f 
steel firing chamber, heavily rein: J 4, 
Propuct Encrineerinc — Jury, !745 [ p, 
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forced, in which guns and operating 
ersonnel are located, and is connected 
y a firing port to a concussion cham- 
ber. The concussion chamber is a 
large heavy steel pressure chamber 
into which the gun muzzle extends 
and which absorbs concussion caused 
by firing. Rear of this chamber con- 
tains 25 ft of sand and armor plate 


_—3 in. thick to stop large high velocity 


shells. Firing chamber and concus- 
sion chamber can be independently 
controlled in both temperature and 
pressure. Over 600 hp of refrigera- 
tion equipment and vacuum pumps 
maintain rarified air condition at 50,- 
000 ft and sub-zero temperature of 70 
F below zero while aircraft cannon 
ate fired automatically. 

Instruments record velocity of each 
round from machine guns firing over 
1,000 rounds per min, temperature 
changes of fractions of a degree can 
be almost instantly detected. Strains 
set up in gun ports by rapidly chang- 
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ing temperature and sub-zero cold 
are continuously recorded for detec- 
tion of possible weak points in design 
or construction. High speed movie 
cameras record movement of gun ports 
and can photograph projectiles in high 
velocity flight. Rate of fire of these 
weapons in rounds per minute can be 
determined with special instrumenta- 
tion at any altitude from ground level 
to 50,000 ft. Personnel of this fa- 
cility anticipated different bullet veloc- 
ities at different simulated altitudes, 
but initial tests have shown no meas- 
urable difference. These tests were 
for a plane taking off at sea level and 
climbing to 50,000 ft. With long 
tests, temperature stabilization may af- 
fect bullet velocity. 

Effect of extremely low tempera- 
tures on metals, fuels, lubricants and 
automotive parts can be determined in 
a section of this facility which is 
capable of producing a temperature 
of 110 F below zero. 





SEVEN NEW AND REDESIGNED HOUSE- 
HOLD PRODUCTS were honored at the 
recent Lewis & Conger award dinner 
held upon completion of the annual 
home safety contest. Inaugurated to 
help prevent the almost 33,000 deaths 
caused by home accidents each year, 
the Lewis & Conger contests have in- 
terested almost 5,000 manufacturers 
in sate design. 

Chief honors went to the Grand 
Home Appliance Co., for development 
of the Safe-Tee-Kee safety valve and 
key for use on gas ranges. The key, 
with a purpose similar to an auto- 
mobile ignition key, throws the valve 
that stops flow of gas to all main 
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Products Designed for Safety Win Awards 
When the 


turned and the key removed to a safe 
place, children cannot light burners 
during play. 

Honorable 
items was made. 


burners. valve has been 


mention of six other 
A socket for light 
bulbs, that removes possibility of 
shock when bulb is removed, received 
a special citation with the honorable 
mention. Other products included: 
Powder that prevents rugs from 
slipping, multiple fuse with neon 
light to indicate when blown, metal 
tongs used to handle hot foods in the 
kitchen, smoking aid to prevent fires 
in bed and plastic drinking tumblers 
that will not break, chip or crack. 


N E W S 


Machine Tool Builders 
Stress Control During Forum 


MACHINE TOOL BUILDERS, users and 
component manufacturers chose ‘‘con- 
trol” as the subject for their 12th 
annual Machine Tool Electrification 
Forum recently held in Buffalo, N. Y. 
The two-day session covered control 
techniques from details of design to 
influence on world economy. Fifteen 
prepared papers were delivered. 

Machine tools themselves produce 
much of the real wealth of the world, 
and contribute heavily to all phases of 
production. With the United States 
making a large percentage of world 
production goods, our machines must 
be designed for increased productiv- 
ity. Experience gained during this 
period can be transmitted abroad so 
war-ravaged countries can sooner re- 
establish their own production pro- 
grams. 

European countries now have dif- 
ferent machine tool needs than the 
United States, according to E. Grif- 
fiths, consulting manufacturing engi- 
neer, Westinghouse Electric Corp. 
Lack of dollars prohibits importation 
of industrial products and these must 
be made for the first time. Machine 
tools will be needed for this, and to 
ease bottlenecks that have developed 
in existing production lines. They will 
also need to have machines for pro- 
ducing luxury items suitable for for- 
eign trade. These must be produced 
for export in attempt to gain foreign 
credit. Fear of breakdown is limiting 
use of machine tools. If producers 
could be assured of replacement when 
existing machines wear out they could 
push production considerably. Efficient 
use of these machines and additions of 
auxiliary equipment could greatly aid 
European recovery. 

Electrification of machine tools has 
occurred in the short span since the 
early and K. T. Kuck, Vice 
President, Engineering, The Monarch 
Machine Tool Co., spoke on more re- 
cent advent of electronic control units. 
Efforts to achieve a truly variable- 
speed drive has accelerated electronic 
adaptation. Monarch saw that motor- 
generator sets could’ be replaced by 
tube controls and did much research 
toward reducing size of electronic 
units. Often electronic control equip- 
ment is many times larger than con- 
trolled motor. A 16 amp xenon-filled 
tube, developed at this time, was de- 
signed into a control system that satis- 
fied space requirements without sacri- 
ficing speed range or regulation. 
This control, plus an electrical surface 
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speed indicator, reduces floor-to-floor 
operating time. 

Less-skilled operators can success- 
fully produce with machine tools 
equipped with proper instruments, as 
stated by R. J. Teetsell, instrument 
specialist, Westinghouse Electric Corp. 
Machine tool industry uses more in- 
struments now than ever before, and 
instruments are becoming ‘eyes’ for 
this industry. Power consumption and 
speed of units must be quickly and 
easily determined by operators for best 
results. Instruments must be placed 
convenient to operator position or they 
will be neglected. Recording instru- 
ments are doing much to indicate 
design of machines, and also show 
how effectively machine is used. 

Many automatic lathes, according to 
E. P. Bullard, III, Vice President, in 
charge of engineering, the Bullard 
Co., were unable to use many advan- 
tages inherent in the engine lathe be- 
cause automatic controls could not 
duplicate actions of an operator. Pres- 
ent controls, using electrical and hy- 
draulic components, can duplicate three 
functions of human control: (1) Op- 
eration sequence control to determine 
function and order, (2) function stops 
and switches that determine time of 
operation, and (3) power to engage 
gears and clutches. 

Human limits to machine design 
were introduced by J. J. Jaeger, ete 
trical engineer, Pratt & Whitney Divi- 
sion, Niles Bement-Pond Co., during 
his discussion of a large, tracer-con- 
trolled milling (Kellering) machine. 
Since operator rides with the machine, 
with speeds of 250 in. per min, it was 
found necessary to carefully select 
motors. Operators were frightened by 
high acceleration rates and these had 
to be avoided. 

Development of an automatic sharp- 
ening machine described — by 
Frank A. Glassow, application engi- 
Barber-Colman Co. Coordina- 
tion of mechanical, hydraulic and elec- 


Was 
neer, 
trical controls required experimental 


analysis. A three-element 
oscillograph Was 


magnetic 
used to simulta- 
neously record data to determine in- 
stants of operation for five critical 
parts and the position and velocity of 
two other major parts. 
erations, and 
easily discernible on oscillograms, and 


Incorrect op- 
reasons therefore, were 


designers were able to correct these 
conditions. Some parts of the original 
design were found unnecessary and 
were omitted. 

Over-enthusiasm for new ideas was 
listed by M. S. Curtiss, Assistant D1- 
rector of Engineering, Warner & 
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ASME Honors A PAstT PRESIDENT— 
In recognition of his services as prest- 


dent of the American Society of 
Mechanical Engineers in 1936, Wil- 
liam L. Batt, president of SKF Indus- 
tries Inc., was presented with a past 
president’s pin by President E. G. 
Bailey of New York, N. Y. Presen- 
tation was made at Engineering Prog- 
ress Show, May 11-16 at Philadelphia's 
Franklin Institute. 





Swasey Co., as one fault of American 
design. High speeds have been over- 
emphasized in many cases. When- 
ever there is a choice of the combina- 
tion of speeds, feeds and depth of cut 
for a given rate of metal removal, Mr. 
Curtis would choose in the following 
order: (1) Deep cut, (2) heavy feed, 
and (3) high speed. High horse- 
power and superfinishing are two other 
instances of too much enthusiasm. 
Metallic rectifiers, electronic 
fiers and motor-generator were 
compared by L. W. Herchenroeder, 
Westinghouse Electric Corp., as d- 
power sources for machine tools. Each 
has advantages depending on_ final 


recti- 
sets 


use of machine, load and _ overall 
economy. Installation costs of elec- 
tronic and metallic units are about 


equal, and lower than those for motor- 
generators. Metallic rectifiers require 
less maintenance than the others. The 
m-g set introduces most vibration and 
requires most space at ordinary loads. 
In most cases the metallic rectifier is 
a logical choice for a general purpose 
d-c power supply. Electronix 
fiers are used at 230 \ 


rect 
from 4 to 5 
kw and motor-generator sets are used 
at high loads. 

General feeling of the Forum indi 
cates need for greater productivity, 
more accurate control of machine tools 
and continued progress toward opti- 
mum use of electrification. 
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MEETINGS 


August 18-20 

SOCIETY OF AUTOMOTIVE ENGI 
NEERS—West Coast Meeting, St. Fran. 
cis Hotel, San Francisco, Cal. 


August 24-27 


AMERICAN INSTITUTE OF ELEC- 
TRICAL ENGINEERS—Pacific General 
Meeting, Spokane, Wash. 

September 7-9 

SOCIETY OF AUTOMOTIVE’ ENGI 

NEERS—Tractor and Diesel Engine 


Division Meeting. 
Milwaukee, Wis. 
September 13-15 
PENNSYLVANiA STATE 
Conference on Research 
tion. State College, Pa. 


Hotel Schroeder, 


COLLEGE— 
Administra- 


September 13-17 
INSTRUMENT SOCIETY OF AMERICA 
National Instrument 

and Exhibit, Convention 


Conference 
Hall, Phila 
September 20-21 

AMERICAN SOCIETY OF 
ICAL ENGINEERS—Aviation 
Meeting, Dayton, Ohio 


MECHAN- 
Division 


September 20-24 

ILLUMINATING ENGINEERING So- 
clieETyY—Annual Meeting, Hotel Stat- 
ler, Boston, Mass. 


September 27-October 2 


SOCIETY OF THE PLASTICS INDUS 
rky—National Plastics — Exposition 
Grand Central Palace, New York, 
IN. Y. 

September 30-October 3 

THE INSTITUTE OF RapIo_ ENGI 
NEERS—West Coast Convention in 
conjunction with West Coast Ele 
tronic Manufacturers Convention 


Biltmore Hotel, Los Angeles, Cal 


October 12-16 
AMERICAN CHEMICAI 

National Chemical Exposition and 

National Industrial Chemical Conter- 


ence. The Coliseum, Chicago, I! 


SOCIETY 


October 13-15 
PORCELAIN ENAMEL INSTITUT! 
Annual Forum. Unt ersity of I]linots 


Urbana, Ill. 


October 22-25 

METAL TREATING INSTITUTE— At: 
nual Meeting. Adelphia Hotel, Phila 
delphia, Pa. 


AMERICAN SOCIETY FOR METALS 

Annual National Metal Conzress 
and Exposition. Commercial Mu 
and Convention Hall, Phila., Pa 
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AUTOMOTIVE GAS TURBINE turbo-compressor unit, made by Centrax Power 
Units Ltd., on show at British Industries Fair. Air intakes have box-like copper gauze 
filters. Power turbine would bolt to flanges at extreme left of unit; impeller in front. 


British Progress Toward Motor Vehicle Gas-Turbine 


Britain may yet be the first to put 
a gas-turbine powered motorcar on 
the road. Two recent disclosers gave 
some new clues as to how soon such 
in advance might be expected: (1) 
The Rover Company Ltd., of Solihull, 
Birmingham, has been testing a 100 
hp gas-turbine that may be suitable for 
in automobile since February 3, 1947 
and the unit has clocked more than 60 
hours on the test bench. The engine 
may also have been tried out on the 
toad, installed in a Rover chassis. (2) 
Centrax Power Units Ltd., of Acton, 
London, has developed a 160 hp gas- 
turbine engine that the company con- 
siders to be suitable for motor buses 
and heavy trucks. 

The Centrax engine is undergoing 
preliminary tests. First prototype unit 
had been completed and was to start 


tests when the Government-owned 
company, Power Jets (Research & De- 
velopment) Ltd., invited Centrax to 
display it on their stand at the British 
Industries Fair at Birmingham. Power 
tests started soon after the Fair closed. 


Both the Rover and the Centrax en- 


fines follow similar lines. Both are 
Dasiclly scaled-down from gas-turbine 
aeropiane engines. Essence of their 
departure from aero engines is use of 
‘wo independent turbines. One tur- 
bine drives the air compressor; the 
secon, running on a separate shaft, 
gives power for the drive shaft, 
through reduction gears. Both tur- 
Propv ct ENGINEERING — JuLy, 1948 


bines are driven by expanding gases 
from burning kerosene with highly- 
compressed air, either in a single com- 
bustion chamber «(The Rover unit) or 
in a series of combustion chambers ar- 
ranged circumferentially around the 
axis of the engine (The Centrax unit). 

Details of the Rover engine have 
still not been fully disclosed, but The 
Autocar, weekly journal of the British 
motoring industry, this week revealed 
these: Turbine wheel is 5 in. in diam- 
eter; blades (around periphery) are 
formed in one piece with central disk ; 
which, if true, represents an important 
development that could greatly cut 
production cost and reduce mainte- 
nance; turbine develops 100 hp at a 
designed speed of 55,000 rpm, al- 
though it has been run at speed of 
70,000 rpm; high overall efficiency is 
assisted by the provision of a heat ex- 
changer; dimensions are 36 in. long, 
18 in. wide, 20 in. high. 

Only the turbo-compressor unit of 
the Centrax gas-turbine engine was 
displayed at the BIF. The power tur- 
bine was said to be completed and the 
reduction gearbox well along. Neither 
of these units will be needed for the 
initial power tests. 

Details of the Centrax unit: Air 
compressor has eight stages of axial- 
flow compression, followed by one 
stage of centrifugal compression with 
a single-sided impeller; total compres- 
sion ratio is 5.8 to 1; gage pressure 


from McGraw-Hill World News + +* + 


is 72 psi; compressor blades and cas- 
ing are of aluminum alloy seven com- 
bustion chambers are arranged circum- 
ferentially around the axis of the en- 
gine; material is a nickel-chrome al- 
loy; compressor-driving turbine 1s 
three-stage design; is expected to de- 
velop 330 bhp at full power and 40,- 
000 rpm; compressor rotor is coupled 
directly to the turbine rotor shaft; ex- 
haust — from compressor-turbine 
drives independent single-stage power 
turbine, which has its own separate 
shaft; power turbine is expected to 
deliver 160 bhp when turning at 35, 
000 rpm; reduction 
ratio) will reduce this to driving-shaft 
speed of 5,000 rpm. This power ts 
calculated as being adequate to drive 
a bus.or heavy truck at 105 mph 

Biggest problem in developing a 
small gas-turbine engine is 
down precision-contour curved blades 
of compressor and turbine rotors. 
With reasonable care, these can be 
made to extremely close tolerances 
when blades are 3 in. long, as in aero- 
engines. But when blade size is re 
duced, it becomes a difficult problem. 
Success of Rover and Centrax designs 
depended on ability to produce blades 
this size with a dimensional tolerance 
of only 14 thousandths of an inch on 
the blade and 3 on the root 

Introduction of the second, inde- 
pendent, power turbine is key to use 
of gas-turbine engines for road vehi 
cles. The conventional aeroplane en 
gine assembly has only a single power 
turbine which drives the compressor 
and whose excess power either turns 
a propeller shaft or is exhausted as a 
jet-stream. But the torque character- 
istics of such an assembly are not suit- 
able for a unit which 
for motorcars or trucks. 

Road vehicles need high torque at 
low speeds and a gas-turbine can de 
liver high torque at low speeds but the 
air compressor absorbs most of that 
high torque when operating at low 
rotor speeds. Consequently, a single 
turbine unit won’t do for road vehi- 
cles; cargo or passenger. 


gas 


gears (7 to 1 


scaling 


is to be used 


In a two-turbine system, the com- 
pressor turbine can operate independ- 
ent of the vehicle's load and power re 
quirements. And the power turbine, 
Operating on a separate shaft, can de- 
velop its normal high torque even 
when the vehicle is moving at low 
speeds. At full charge, the torque 
may be almost twice that delivered at 
maximum speeds. The independent 
power turbine, therefore, operates 
with the same effect as a fluid drive 
its speed varies with the load. 
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IN SECONDS, you can reproduce any 
drawing as any one of a variety of Ozalid 
prints. 

You simply select the desired type of 
Ozalid sensitized material . . . place your 
drawing on it...and feed into the Ozalid 
machine. 

Thus, every drawing has a future 
which you control. A future which allows 
you to always match the print to the job 
at hand .. . and realize these definite ad- 
vantages in drafting room, shop or office. 


1, WILL COLOR CODING HELP? 





Your drawings can be reproduced with 
black, blue, red or sepia lines on a white 
or tinted background. Thus, you can 
color code prints of different depart- 
ments or operations— speed routing, re- 
duce possibility of error. 


2. PREFER PRINTS ON LIGHT, 


AANDARD, OR HEAVY WEIGHT PAPER? 





You can make all three types with Ozalid 
... to suit your specific requirements. 
Light or standard weight prints for or- 
dinary use or convenience in filing; heavy 
weight prints for reference charts, man- 
uals, etc. You can even make Ozaprints 
with reproductions on both sides of the 
sheet. 


3. ARE EXTRA MASTERS NEEDED? 


You can make translucent Ozalid Inter- 
mediates directly from your tracings... 
and use these as Masters in your print- 
making. This eliminates wear and tear 
on the original . . . also provides Masters 
for different departments, branches, sub- 
contractors, ete. Ozalid Intermediates 
are actually better to print from than 
original drawings—for they increase line 
densities and can be made on new plastic- 
coated surfaces .. . impervious to stain- 
ing and smudging. 


4. WILL CHANGES OR ADDITIONS 


BE MADE TO ORIGINAL ? 





Valuable drafting time is saved with 
Ozalid. Instead of altering your original 

.. you can make your changes or addi 
tions on a translucent Ozalid print. New 
products—like Ozalid Strip Film—with a 
transparent adhesive base—can be used 
to transfer title blocks or sections from 
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one drawing or translucent Master to 
another. 


5. WANT TO COMBINE ONE 


DRAWING WITH ANOTHER ? 





Assume that you wish to show the de- 
tails of two or more drawings on one 
print—here’s how easy it is: Make a 
transparent Ozalid film print of each 
drawing ... then overlay these on a sheet 
of Ozalid sensitized paper and process. 





You get a composite print 
exactly as you want them. A big advan 
tage in evaluating floor plans, work lay 
outs, wiring diagrams, etc. 


6. WANT TO ELIMINATE 


PRINT REPLACEMENT ? 





If grease and grime are a problem in th 
shop or field, make your work prints o 
durable Ozaplastic, which can be cleane: 
in seconds with a damp cloth. 


ALL OZALID PRINTS PRODUCED 
IN SAME MANNER 


* No tie-ups when you shift from one type of print production to another. Simpl) 


choose your Ozalid material ... and your Ozalid Streamliner exposes and dry de 


velops it. Standard work prints are produced in 25 seconds. 


* Your drawings can be up to 42 inches wide, any length. Roll stock or cut sheet 


can be used. (Special machines accommodate 54” wide drawings.) 


* You—or anyone else—can be the operator. A few hours and you’re an “expert. 


* See all the Ozalid prints you make from any drawing... and learn full story. 


Mail coupon today. 


Gentlemen: 


prints. 


Name 


ee ee 


DEPT. NO. 112 


oO Z A L I D A Division of General Aniline 


& Film Corp., Johnson City, New York 


Please send free copy of Ozalid Stream 


liner booklet containing samples of 10 types of O ilid 


Position 


Company 
Address 


EE wa 


Ozalid in Canada—Hughes Owens Co., Ltd., Montre? 
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Pressure Drop of Gases and Vapors 


Flowing Through Pipes 


Formulas and chart for calculation of gas of vapor pressure 


drop losses in straight sections of inclined or horizontal pipes. 


ARTHUR H. KORN 


Chief Engineer, AirBorne Conveyors Corporation 


BASIC EQUATIONS for fluid motion 
and pressure drops in pipes were given 
in a previous article, in the May 1947 
number of PRopuUCT ENGINEERING on 
page 85. 

The general equation for pressure 
drop in gases and vapors flowing in an 
inclined pipe was found to be 


' D_ 2) p;* + a) aii (1) 
-(4) Gee) © 


D = pipe dia, ft 

e = Napierian base 

f = friction factor 

S = pipe length, ft 

pi: = starting unit fluid pressure, psi 


absolute 

t terminal unit fluid pressure, psi 
absolute 

C = constant, psi 

m = constant 


This equation has been derived as- 
suming the py product to be constant. 
For gases, the assumption requires that 
temperatures along line of flow be 


constant. For steam, however, it 
fequires that temperature decrease 
slightly along line of flow. 


Neither condition is exactly ful- 
filled in practice; but if the actual 
mean temperature or mean product, 
pr, used to determine constant C? 





and »., the results will be substantially 
corre 
Constant C? and m are defined as 
Gases Steam 
C 16W2RT 16/V?(pv)mean (2 
, rDAg 1 Dg 
> 
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{RT f(pv)mean 
m - — 
2D sina 2D sina 
where 
W = rate of flow, lb per sec 
R = gas constant, ft per deg F 
T = Absolute temperature, ¢ + 460, 
deg F 
g = gravitational acceleration, ft per sec? 
= inclination of pipe (sin a positive for 
up flow and negative for down flow 
2” = specific volume, ft* per Ib 
C = constant, lb per sq ft 


For flow in horizontal pipes, sin a = 
0 and m = ~, so Eq. (1) becomes 


S = a) = e) = 
“ p C C 


a Pr 
4 6052 logio - (4 
bp 


Do 


Calculating pressure drop from Eq 
(1) is time consuming. 

A more convenient form may be de- 
veloped if the equation is transformed 
so that fS/D is obtained as the differ- 
ence between two values of identical 
functions. 


Then 
a ee 
a | a (5 
where 
0) 4343 F = (m+ 1 logio (& 4 \) 
logio CG r 
which applies when 
- aa l 0 
C2n 
and 
t S } } ~ 
‘D 


whe re 


ee ee ee Stet 
) 4343 Y = ( 1) lows (% \) 


+ logis = S 
C? 


which applies when — C, 
These J] and Y functions have been 
plotted in the accompanying diagram. 
For any specific flow condition, C, m 
and fS/D may be used to get the pres- 
sure drop p. — pe. 

Directions for use are given in the 
upper right hand corner of the chart. 

The plots of Y and ] functions 
show that for down flow, the func- 
tions become infinite when p’?/C* = 
—m. For this condition, the pressure 
drop is zero. Physically this means 
that the pressure drop due to fluid 
friction equals the gain caused by the 
increase of the height or weight of 
the fluid column. 

The broken line marked “lowest 
Y’s” indicates the lowest points of a 
valley or rather of a sharp pointed 
cleft in the Y-function. It represents 
a discontinuity in the function and oc- 
curs when p’/C*? = — 2m. If a point 
Y, happens to fall on this line there are 
theoretically two solutions possible. 
Y; may lie on the very steep left hand 
or upper slope, which means a slight 
pressure drop, or it may lie on the 
gentler right hand or lower slope, 
which means a considerable increase 
in pressure in the direction of flow. 

While this may be a rare occur- 
ence, in case it does happen there 
would be a rather unstable flow with 
the possibility of erratic changes from 
pressure drop to pressure gain or even 
an oscillation between the two condi- 
tions. The best thing to do then is to 
either increase or decrease pipe size 
with corresponding changes in veloci- 
ties to avoid unstable flow. 
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® From small precision-made parts to massive 
radiator grilles in glittering chrome, Auto- 
Lite’s die casting research and experience 
is helping industry develop a wide variety 
of new products. Through its “Controlled 
Metals” inspection processes, plus the finest 
production equipment and methods, Auto- 
Lite is able to assure manufacturers beauty, 
strength and accuracy on every type of job. 


THE ELECTRIC AUTO-LITE COMPANY 
Die Casting Division, Woodstock, Illinois 

600 S. Michigan Avenue . Chicago 5, Illinois 

723 New Center Building . Detroit 2, Michigan 


DIE CASTING 
WG 
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Pressure Drop of Gases and Vapors (continued) 





Flow of Gases and Vapors in Horizontal or Inclined Pipes 


Pressure Variation 
10400 g00 400 400 


Cc’ 1500 500 












4,000 
3,000 
2,000 
1,500 


1,000 
800 


600 


400 
300 


200 
150 
100 
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Absolute pressure, P, psi 


oO 
oO 
J values 


A 


“m” constant for up flow 





- Horizontal 


prt pscr 50d 


-1,000,000 
-100,000 


-10,000 


-1,000 
-400 
- 200 


- 100 


constant for down flow 
' 
a 
oO 

Y values 
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/ 
Lowest Y's 





Procedure for Getting Pressure Drops 
1. Using starting pressure P, (absolute), find intersection with Cc 4. Find intersection with C 
2 Find intersection with m; locate J, 5. Read terminal pressure P, 
3. Deduct computed value for f# from J, to get Bh 6. P-P,= pressure drop in pipe 
locate point on chart 
* NOTE — If trace leads into Y area, add f% to Y, to get ‘3. Other operations remain the same 
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Would your products look better, operate more efficiently, 
if they could be made lighter without sacrificing strength ? 

Chances are the answer is “yes.” And chances are good 
that you can do this job with Armco High Strength Stain- 
less Steels. The problem of using them effectively —with- 
out increasing ultimate costs—is usually one of proper 
design. 


USE OF STIFFENERS 


Sufficient rigidity can often be obtained with light sheets 
of Armco Stainless Steels by increasing secticn-depth, 
such as by corrugating. Where localized deflection is apt 
to occur, stiffeners like those shown here are often used 
to strengthen parts subjected to heavy stresses. 

These sectional shapes, welded or riveted to the strue- 
ture, prevent buckling and supplement the inherent high 
yield strength obtainable in specially processed stainless 
grades. They may take such forms as angles, channels, 


and hat-sections. 
OTHER SALES ADVANTAGES 


Strength by design has given more than one product a 
strong foothold in a highly competitive market. Combine 


this with all the other advantages of Armco Stainless 
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Steels—resistance to heat and corrosion, an enduringly 


beautiful finish, lasting customer appeal—and you have 
a powerful sales weapon. 

These excellent properties of ARmMco Stainless Steels 
may be the means of improving your products, or those 
you are designing for the future. Let Armco’s engineers 
work with you; and then you be the judge. Write Armco 
Steel Corporation, 404 Curtis 
Street, Middletown. Ohio. Or call 
our nearest district oflice or Armco 
Distributor. 


Export: The Armco International Corporation 
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NEW MATERIALS AND PARTS 














INDEX OF ITEMS 

Product Manufacturer Page Product Manufacturer Page 
Aluminum Sheet, Embossed. ..Reynolds Metals Co. 158 Motor, Constant Speed D-C...Amglo Corp. 156 
Battery, Miniature Dry Cell. ..Olin Industries, Inc. . 160 Mounts, Vibration ..Finn & Co... 160 
Bearings, Light-Weight Ball. . Federal Bearings Co., Inc 162 Paper, Ruled Sketch .The Ogilvie Press 164 
Bearings, Roller .............Rollway Bearing Co., Inc.. 155 Pulleys, Variable-Speed . Lovejoy Flexible Coupling 158 
Calibrator, Sweep .......Browning Laboratories, Inc 156 Pumps, Coolant .. Allis-Chalmers Mfg. Co 155 
Connector, Multi-Wire . Winchester Electronics Co 158 Relay, High Current C. P. Clare & Co 164 
Control Unit, Hydraulic Electrol, Inc. Seas , 164 Relay, Time Delay. .Ward Leonard Electric Co 160 
Counter, Magnet Driven Guardian-Electric Mfg. Co 162 Sheaves, Adjustable...... . Worthington Pump & Machinery Co. 162 
Coupling, Double Hydraulic. . Aeroquip Corp. 156 Switch, Inter-Lock Door. .Micro Switch ..... 156 
Coupling, Hydraulic ..CraneVeyor Corp. .... 166 Switch, Magnetic Proximity. .Magneswitch, Inc. . 160 
Filter-Lubricator, Air .Jarett Compressor Co.... 164 Switch Operators, Snap... .Square D Co........ _ 166 
Gage, Differential .-Kollsman Instrument Diy 166 Terminals, Wire .Aircraft Marine Prod., Inc . 166 
Gear Train, Versatile -Gleason-Avery, Inc. : 162 = Valve, Ait Control.. Lindberg Eng’g Co. . 158 
Indicator, Gas Temperature... Fairchild Camera & Inst. Corp 166 Valves. Relief Rg Ha 6. 
Joints, Rotary Pressure. . .. Johnson Corp. bares oe 162 —— —_— ~ en - 164 
Joints, Universal Curtis Universal Joint Co., Inc.... 164 Valves, Solenoid Airmatic Valve, Inc.... 155 
Motors, Chemical Reliance Electric & Eng’g Co 155 Valve, 3-Way Air C. B. Hunt & Co., Inc - in 


Roller Bearings 
Rollway Bearing Co., Inc., Syracuse, N.Y. 

Tru-Rol roller bearings have one-piece steel retainers 
with deep, broad, double flanged or lipped pockets for 
alignment of rollers. Outer race has deep ring grooves 
into which fit heavy snap rings that hold rollers and 
retainer. Inner race is separate and can be used when- 
ever called for in specific designs. Bores cover range from 
25 to 140 mm and boundary dimensions are identical 
with those of standard SAE bearings. 





ringly 
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Steels , : 

those Chemical Motors 

ineers The Reliance Electric & Engineering Co., Cleveland 
10, Ohio 

\rmco 


Designed for use in hazardous conditions, these squirrel 
cage fan cooled a-c motors are both corrosion resisting 
and explosion proof. Outer cover, fan enclosure and 
lead outlet are Monel metal, fan is cast bronze, and other 
critical parts are made of specialized materials. Bronze 
shaft collars provide bearing protection and multi-wire 


—_ 


/ 





" cable, rubber hose and special packing glands meet 
Bureau of Mines specifications. Motors are available with 
. ratings of 4 hp at 680 rpm to 20 hp at 3600 rpm. Opera- 
; . tion can be from two or three-phase, 25 or 60 cycle. 110, 
y Solenoid Valves 208, 220, 440 or 550 v power sources. 
, Airmatic Valve Inc., Cleveland, Ohio 
Req ring j i - : . . 
eS Orie: Conde age 
that of the line. Internal parts are corrosion resistant and Allis-Chalmers Mfg. Co., Milwaukee 1, 
yi packing is used in conjunction with a removable re- Types KF and KW seal-less coolant pumps are designea 
‘uient rubber seat. Valves can be used in 4 to 3 in. for general circulation duty and machine tool appli a 
star { pipe lines carrying oil, water, steam, air or freon. tions. Units are vertical submerged and _ side-wall 
| Zz Incr ed utility has been gained by making the solenoid mounted, respectively, with low-head, single-stage char 
. Operable from either a-c or d-c power sources. acteristics suitable for close-coupling to motor. Type 
48 Proj 
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KF is double-suction, open impeller for vertical opera- 
tion with continuous flooded suction. Liquids with solids, 
chips or suspended abrasive particles are handled by this 
model. Type KW handles similarly laden liquids and 
has two different lengths of adapter to suit coolant res- 
ervoir depths. Pumps are available in } to 1 hp sizes, 
rated at 1,725 to 3,450 rpm under 10 to 70 ft heads. 








Inter-Lock Door Switch 
Micro Switch, Freeport, Il. 

Designed for use in electrical equipment cabinets, Type 
1AC1 switch automatically cuts off power circuit when 
door is opened. Circuit can be temporarily closed for 
checking by manually pushing actuator rod without hazard 
of forgetting to reposition switch for open circuit. Pro- 
vision is made for mounting on two faces and actuator 
rod has deep threaded hole for insertion of adjustable 
length actuating pin or button. Switching element is 
single-pole, double-throw with 10 amp, 125v; 5 amp, 
250v; or 3 amp. 460v a-c ratings. 





Constant Speed D-C Motor 


Amglo Corp., 4234 Lincoln Ave., Chicago 18, Ill. 
Redesigned for compactness and light weight constant 
speed d-c motor measures 2} x 3} x 1 in. and weighs 
only 10 ounces. Unit operates on magnetic drive principle 
of a vibrating reed that provides clock-like speed control. 
Available for use on 3 to 110 v lines or batteries, motor 
has rotor shaft speed of 900 rpm. Built-in aluminum 
reduction gears, special cams and switching can be fur- 
nished to meet specific application requirements. 
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Double Hydraulic Coupling 
Aeroquip Corp., Jackson, Mich. 

Twin Breakaway couplings provide positive, quick con- 
nection of either pressure or return hydraulic accessory 
lines. Self-sealing fittings are held in coupled position 
by the mechanical latch that automatically trips when an 
external tug is applied to the connecting lines or when 
a 60 Ib pull is exerted on the trigger. Flush valve faces 
permit easy cleaning and pressure drop through the 
units is negligible. Couplings will carry pressures up to 
1,000 psi. Both assemblies are made to fit standard } in. 
pipe threads. 





Sweep Calibrator 
Browning Laboratories, Inc., Winchester, Mass. 

Model GL-22 calibrator is a pulsed timing marker oscil: 
lator designed for use with standard oscilloscopes and 
synchroscopes. Accurate measurements of time intervals 
on either triggered or recurrent sweeps can be made. 
Variable amplitude markers of either polarity are prfo- 
vided with sufficient amplitude for use as intensity markers 
or directly on cathode ray tube plates as deflection markers 
Markers available are 0.1, 0.5, 1.0, 10, 100 microseconds. 
A positive or negative variable width gate pulse output 
is provided for test purposes. The duration of this pulse 
corresponds to the duration of the marker group. Opera 
tion of the calibrator may be by use of external synchro- 
nizing triggers or from its own trigger generator with 
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NOW YOU NEA New Freedom 
_of Design 
with BATH CONTOUR FORMING 


tJ y * that Le avoids high die costs... 
Mee ae: 1 . Lt ae -) ales ~ ' 




























Your most 
difficult parts 
may be formed 
with multiple 
contours on our 
rotary stretch 
compress formers 








LEFT: Wheelhouse reinforcing members for Bus made of 
aluminum extrusions. 
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Now, you can go right ahead with your 
improved designs on all sorts of curved 
metal parts with multiple contours without 
being stymied by high die costs. Because, if 
the reseed run is from 100 to 100,000 BATH can do the forming for 
you at a low die and forming cost without wrinkles or buckling. 


You will be amazed at the wide variety of shapes we form rapidly of 
carbon steel, ductile bronze, stainless clad and magnesium, to precision 
tolerance. They include Bumpers, Rings, Carlines, Spirals, Bodyposts, 
Structural Curves, Frame Supports, Moldings, Rub Rails, Channel 
Frames, Aircraft Wing and Tail Members, Wheelhouse Angles, Small 
Streamline Cabinets, Ornamental Trim, etc. 









ABOVE: Aluminum reinforcing members for Truck Cab. 
BELOW: Underframe Bus member being formed of alumi- 
num extrusions. 


We form from strips, extrusions, bars, tubes, and rolled or brake- 
formed sections. All stretch, roll or wipe forming is done cold with 
bends of varying radii in compound and reverse curves—even to 3 
dimensions. By this method 1 part can frequently be designed to take 
the place of 2 or 3 parts and improve your entire assembly. This BATH 
Contract Forming service offers a new freedom of design that will 
delight every forward-looking design engineer. Write for Contract 
Forming literature or mail blueprints with engineering details. 


>) , ) c 
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output triggers of both polarities available at front panel 
connections. Dimensions are 14 in. long, 7 in. wide 


and 7 in. high. 
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Variable-Speed Pulleys 


Lovejoy Flexible Coupling Co., 5001 W. 

Chicago 44, Ill. 
Both guide flanges of standard and wide V-belt series 
pulleys move on a single sheave to insure proper align- 
ment at all times. Curved faces on spring-retained flanges 
provide positive belt contact. Units fit directly on motor 
shaft and are locked with set screw. Standard Series 
pulleys have speed ratio of 2:75 to 1 for fractional horse- 
power drives while Wide Belt Series have infinitely 
variable adjustments in 3 to 1 range for 1 to 8 hp drives. 
All motor ratings are at 1,750 revolutions per minute. 


Lake St., 














Air Control Valve 


Lindberg Eng’g Co., Air and Hydraulics Div., Chicago 

12, Ill. 
Model HV balanced piston hand-operated air control 
valves permit simple cylinder control. When in neutral 
position, three-position lever can be adjusted to make 
actuated piston stop at any point along its stroke. Body, 
handle and base plate are cast aluminum alloy. Stainless 
steel pistons ride in bronze sleeves having synthetic 
rubber V-packings and O-ring seals. Valve is rated at 20 
psi working and 175 psi maximum pressure. Assembly 
weighs approximately 3 lb, has either 3 or 4 in. pressure 
ports and 4 in. exhaust ports. 
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3-Way Air Valve 
C. B. Hunt & Son, Inc., Salem, Ohio 


A flat spring indexes and holds the handle of the 1291-N3 
air valve in ‘‘on”, “off”, “hold” or “neutral’’ position. 
Designed for use with single acting air cylinders, valve 
is particularly suited to hoists and other applications 
where quick load positioning is required. Head and 
handle are forged bronze while body and adopter are 
stainless steel. Unit is available with 3 or 4 in. pipe 
threads and pressures up to 250 psi can be handled 
Length between connections is 5 inches. 





Small Multi-Wire Connector 

Winchester Electronics Co., 6 E. 46th St., New York 

Ar, © ¢ 
The Monobloc construction of the type PM6P six-contact 
connector reduces flashover and creepage between term! 
nals. Tests with a 6,000 v d-c potential existing between 
pins have not produced corona. The molded melamine 
housing is polorizing and safety is provided by the “m ike 
first, break last’? center contact that can be used as a 
grounding wire. The spring lock and hood prevent acc- 
dental disconnection and contamination. Cap at right 
of illustration acts as a protective cover when unit i 
disassembled. Unit is 14 in. in diameter and is designed 
for panel mounting on industrial, communications ind 
aircraft equipment. 


Embossed Aluminum Sheet 


Reynolds Metals Co., 2500 S. 3rd St., Louisville, Ky. 
Sheet aluminum embossed in a variety of patterns pro- 


I 


vides an attractive finish and greater stiffness to products 
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@ Foxworthy Motors, Inc., Indianapolis, 
authorized rebuilders of automotive engines, 
required a fast-drying, attractive finish with 
high adhesive qualities that could be applied 
to engines immediately after testing. Fox- 
worthy called in technicians of the Advance 
Paint Company to solve the problem. 
Advance formulated for Foxworthy a lac- 
quer that adheres to metal surfaces which 
may be covered with residual grease, oil, 
and water. Applied to warm engines as soon 


as testing is completed, this Advance lacquer 


ot 
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An Advance Lacquer (id the Job 


is air dried, permitting handling within five 
minutes. It is applied with a standard spray 
gun by an operator with no special training. 

Foxworthy Motors has used this Advance 
lacquer for a year with highly satisfactory 
results. Nearly 12,000 passenger car and 
truck engines have received attractive fin- 
ishes in a simple operation. 

The Advance Paint Company can solve 
your metal-finishing problem by creating a 
finish which fits your specific needs. Write for 


the recommendations of Advance technicians. 


Manufacturers of Industrial Finishes 


PAINT COMPANY 


TURDELANAPOLES, TNDIARA 
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commonly made of the standard flat sheet. Squares, 
diamonds, stucco and simulated grained leather, as well 
as crosswise and lengthwise ribs comprise the patterns 
now available. Raised positions effectively hide scratches 
and other evidences of rough usage or wear. Material can 
be supplied in flat sheets of thicknesses ranging from 
0.01 to 0.04 in. and in widths from 12 to 48 in. Coiled 
sheet is available in widths up to 36 inches. 





Miniature Dry Cell Battery 
Winchester Repeating Arms Co., Div., Olin Industries, 
Inc. New Haven, Conn. 


Assembled from interlocking wafer shaped, 1} v plastic 
cells, minature dry cells have 20 percent longer life than 
existing models. The interlocking feature reduces the 
number of soldered connections in the 674 v, three section 
unit illustrated by about 91 percent. Overall dimensions 
of this assembly are 2% in. wide, 34 in. high, 14 in. deep. 
These light weight batteries are used extensively in port- 
able radios and hearing aids. Standard cells are rec- 
tangular but they can be produced in a variety of shapes 
to fit specific applications. 





Vibration Mounts 

Finn & Co., 2850 8th Ave., New York 30, N.Y. 
Finnflex Vibration Dampeners are designed around the 
principle of ‘‘rubber-in-shear’’ that prevents overloading 
of the synthetic rubber inserts. Design involves no-rubber- 
to-metal bonds that are subject to breakage during use. 
Type CM-H mounts are designed for horizontal or rotary 
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vibration use under grinders, lathes, pumps and compres. 
sors; type CM-V mounts are for top-heavy machines like 
punch presses and shears where vertical vibration causes 
recoil and rocking. Easily installed, mounts are sturd) 
durable and inherently stable. 








Magnetic Proximity Switch 
Maeneswitch, Inc., 4219 S. 
9, Ill. 

Actuated by a permanent magnet, snap-action switch hai 

many uses for automatic control service. In applicatior 

shown, there is no mechanical linkage with float part oi 
liquid level control mechanism. As float oscillates, mag 
net snaps toward magnetic armature and operates switch 

Differential adjustment of leverage exerted by float can be 

made. Heavy loads can be handled without use of relay: 

or auxiliary devices. Measuring 2 1/32 in. in diameter 
switch operates on 115v a-c power with 10 amp non 
inductive load. Motors up to 3 hp can be handled. 


Western Blvd., Chica 





Time Delay Relay 
Ward Leonard Electric Co., Mount Vernon, N. Y 

Bulletin 362 motor-driven a-c time delay relay is sel! 
recycling and easily adjustable over timing range to 65 
minutes maximum. Unit is designed for use in pro 
essing, machine tool, signal, sound and other equipment 
where remote, automatic or sequenced operation is fe 
quired. With proper use of jumpers between compositt 
connections, “delayed make” with maintained pilot circut! 
or “instantaneous make” and “delayed break’’ with mone 
tary contact pilot circuit can be obtained. Major com: 
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-asulating Paper 






Photo courtesy of General Electric Company 


Although the eye cannot see it...every mile of the special Riegel 
Paper being wound into this high-tension electric cable has been 
made to the strictest engineering specifications! 


Surprising—the things you can do with paper! It is a remark- 
ably versatile and economical material that Riegel knows how 
to ““tailor-make” to your own most exacting requirements. We 
can either duplicate an existing grade or develop something en- 
tirely new. 


Producers of technical 


Riegel now produces over 600 papers for industrial leaders in ; ; 
many different fields...beaming, gasket, saturating, greaseproof, papers for industrial leaders 
shot-shell, button stock, separator, template...some grades made since 1862 
for hundreds of customers, some for but a single firm. Always 
consult Riegel first for any special packaging or industrial paper. 
If we can’t make it, we will gladly tell you who can. 


Riegel Paper Corporation - 342 Madison Avenue, New York 17, N. Y. 
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ponents of the relay consist of a small synchronous motor, 
a differential gear system, a built-in brake assembly and 
an auxiliary relay. 





M agnet-Driven Counter 


Guardian Electric Mfg. Co., 1637 W. 
Chicago 12, Ill. 


Pulse-actuated magnet driven counter is used to register 
remote musical record selections in a centrally wired 
music station. The deposit of a nickel, dime or quarter 
transmits one, two or five pulses that energize magnet at 
top of illustration. Movement of armature assembly 
causes wire linkage to move counter one digit and lever 
to step cam one notch. As cam leaves “‘off’ position, 
blade switch ‘‘makes’’ in two positions energizing indicat- 
ing light and buzzer. Unit can be utilized for a variety 
of similar counting uses in varied fields. 


Walnut St., 


Adjustable Sheaves 
Worthington Pump and Machinery Corp., Harrison, 
N. J. 
Adjustable to accommodate most common types of V-belt, 
fourteen sizes of Fhp sheave—seven single groove and 
seven double groove—are designed for maximum uni- 
formity of pitch diameter and flange stability. Stationary 
Hange has one or two hubs externally threaded to fit 
removable flange or flanges. Milled flats 180 deg apart 
receive positioning set screws for locking the assemblies. 
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Versatile Gear Train 
Gleason-Avery, Inc., Auburn, N.Y. 


Gear train for use with small synchronous and _ non- 
synchronous motors can produce speeds in either direction 
from 400 to 1 rpm on final shaft. Compact and quiet, 
unit is well suited for large timers, displays, vending 
and other machines where maximum torque is required 
Gears are cut to close tolerances and ride between round, 
securely mounted plates. Dust proof, fan cooled motors 
are available in all normal voltages and frequencies with 
wide range of synchronous speeds. Overall dimensions of 
low speed unit with open or enclosed gear train are 
33 x 33 x 34 inches. 








— 
= 
= 7 
t 
¢ 
Rotary Pressure Joints 
Johnson Corp., Three Rivers, Mich. 
Self-supporting and self-lubricating, Type-S rotary pres- 
sure joints are applicable to processing equipment where 
considerable lateral movement is encountered. Nippl 
“A” is attached to roll or cylinder. Carbon graphite seal 
ring ‘“B”’ fits against rotating shoulder “‘C’ on nipple and 
entire weight of joint is supported by carbon graphite 
guide “D”’. Spring “E” effects initial sealing although, 
in operation, line pressure is actual sealing force. Four 


sizes of joint are available—4, 3, 1 and 14 inches. 


Light-Weight Ball Bearings 
Federal Bearings Co., Inc., Poughkeepsie, N.Y. 


Savings in space and weight without sacrifice of load 
carrying capacity are design features of Series XLS ball 
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Why Designers Select CRANE... 


SOURCE OF SUPPLY 
RESPONSIBILITY 
STANDARD OF QUALITY 
























“Quik-Temp” heating 
and drainage system, by 
Fred H. Schaub Engi- 
neering Co., Inc, 





EVERYTHING FROM... 


VALVES «+ FITTINGS 
PIPE *« PLUMBING 


AND HEATING 
L 
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the Complete Piping Line 


Flow control equipment is so important to successful design 
that it pays to be sure. Wherever piping is used, you can pro- 
tect the operating efficiency of your design by specifying Crane. 
You can get valves, fittings, piping accessories and pipe for 
every need ... all from this one complete source of quality 
equipment. One catalog gives you the world’s most complete 
selection and specifications of brass, iron, steel! or alloys. 

When Crane takes the responsibility for supplying all your 
piping equipment, it means simplified buying, easier store- 
keeping ... and piping assembly work is more likely to go 
smoother and faster. 

Buyers, too, know that Crane materials give your product 
added value. They know that Crane Quality is high quality... 
unsurpassed for more than ninety years. 

Crane Co., 836 S. Michigan Ave., Chicago 5, Ill. 


Branches and Wholesalers Serving All Industrial Areas 


FOR SEDIMENT SEPARATORS fo 
protect the seats of automatic 
valves and other flow control 
apparatus, see pages 422 and 
423 of your Crane Catalog. 
Choose from vertical screen 
and Y-pattern types, iron 
and steel, in sizes up to 
12-in., for working pressures 
up to 600 pounds steam. Sup- 
plied with screen of mesh and 
material best suited for specif- 
ic needs. Crane high-efficiency 
design allows easy clean-out 
and replacement of screen. 





FOR EVERY PIPING SYSTEM 
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bearings. Uninterrupted deep-groove 
races will take thrust loads in either 
direction as well as radial loads. Pro- 
duced with bores ranging from 13 to 
10 in., cross sectional area through 
any pair of races varies from 68 per- 
cent for small sizes to 334 percent for 


large sizes of corresponding — size 
metric bearing. Applications include 


clutches, thin-walled housings and 
other locations where space and weight 


are prime factors. 





High Current Relay 


P. Clare & Co., 4719 W 
de Ave., Chicago 30, Il. 
Ease of installation and replacement 
has been attained through the applica- 
tion of a standard octal base to Type 
J d-c relay assembly. Installed height 
is 2 15 16 in. above panel. wer 
twin’ contacts are rated at 4 amp, 
150 w a-c non-inductive bee spring 
pile-ups can be made using maximum 
size 20-point plug up to 10-pole, 
single-throw or 6-pole double throw. 
Coils of resistance from 1 to 21,000 
ohms are available for use with d-c 
voltages up to 220 volts. Magnetic 
structure incorporates ample iron and 
large armature bearing area for posi- 
tive high speed operation. 


. Sunny- 


Ruled Sketch Paper 

Brooklyn 17, N.Y. 

The Ogilvie Press, 691 Fulton St., 
Made from 100 percent rag material 
tracing bond, Bondtex 150 sketch 
paper has cross section ruling that will 
not reproduce. Rules are } in. apart 
both horizontally and vertically and 
afford handy reference lines when mak- 
ing sketches to propoer proportions. 
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Lines do not appear on blueprint, 
black and white or Ozalid reproduc- 


tions. Cut to 8} x 11 in. size, sheets 
are available with or without holes 
for three-ring binder and standard 


data headings. Other standard forms 
come with 4 x 4, 5 x 5, 8 x 8 and 
10 x 10 spaces per inch or isometric. 





Air Filter-Lubricator 
Jarett Com pre ‘for G Equi 
Inc.. 275 Central Ave., Newark 
N. J. 

Model 


pment, 


605 Lubri-Filter protects air- 
driven equipment against “dry-run- 
ning” breakdowns and filters air sup- 
ply. Chamber at left of illustration 


contains a sintered metal cartridge that 


provides “three dimensional’ filtra- 
tion at high rates of air flow. As 


clean air passes through base of lubri- 
cator chamber, metered oil is atom- 
ized and carried into protected equip- 
ment. The }0z oil supply maintains 
lubrication for period as long as stand- 
ard lubricators having 
pac ities. 


larger oil ca- 





Universal Joints 
Curtis Universal Joint Co., Inc., 
Springfield, Mass. 


Heat generation between bearing sur- 
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faces in universal joints has been re. 
duced through redesign of center 
block faces. The four bearing surfaces 
have been divided into a total of six. 
teen smaller areas by the use of two 


grooves in each face. Wear distribu. 
tion becomes more even, lubrication 


is more effective and frictional heat 
is dissipated more uniformly and 
rapidly than in standard assemblies. 
Grooved center blocks are being in. 
corporated in joints having from 14 
to 4 in. outside diameters. 





J “ RUBBER TO 
METAL SEAT 


Relief Valves 

Parker Appliance Co., 17325 Eunclu 

Ave., Cleveland LZ, Ohio 
Rapid unloading and silent operatio: 
characterize these hydraulic and pneu 
matic relief valves. Adjustment 
made by positioning threaded cap tha 
determines pressure of internal spring 
on guided shut-off piston. Valves fo: 
hydraulic applications have metal-to 
metal seats. Bodies and caps are alum 
inum or brass, pistons and springs art 
stainless steel or brass. re, 
0-15, 10-50, 40-125, 115-230 and : 
450 psi pressure ranges, v alves cover 
six basic sizes from 3 to 3 inch. Large: 
sizes for higher pressures are also ob 
tainable on special order. 


Hydraulic Control Unit 
Electrol, Inc.., 


Powerpak, a control center for hy 
draulic systems, is designed to meet : 


Kingston, N.Y. 


wide variety of applic ations in the 


machines of industry, 
transportation. 
erting precision-controlled forces 

finger-tip actuation to a maximum Oop 


agriculture anc 
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FAIRBANKS-MORSE AXIAL AIR-GAP* MOTORS offer 
new possibilities in the application of electric power! These mo- 
tors are radically advanced in design — over 30% lighter, 50% 
smaller than other motors of equal horsepower .. . yet they 
are 40-degree, standard wound squirrel-cage motors, with a 
range of application that is broader and more flexible than mo- 
tors of conventional design. Their size, weight and design are 
new —their performance meets long-established Fairbanks- 
Morse high standards. Bulletin 2760 has full details . . . write 
Fairbanks, Morse & Co., Chicago 5, IIl. 


*Air-Gap dimension is measured parallel to the axis of the shaft. 
Horizontal and vertical mountings; also, pivot base mountings. 
Polyphase squirrel cage and capacitor start, single phase types. 


l 


when it comes fo Electric Motors... 








ia, FAIRBANKS-MORSE 


A name worth remembering 


DIESEL LOCOMOTIVES © DIESEL ENGINES © STOKERS © SCALES © MOTORS © GENERATORS 





PUMPS © RAILROAD MOTOR CARS and STANOPIPES © FARM EQUIPMENT © MAGNETOS 
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erating pressure of 1,500 psi. The 
compact design consists of a hand 
pump, reservoir, two selector valves, 
relief and check valves. Body assem- 
bly stands 43 in. high on a base meas- 
uring 34 x 4 inches. Reservoir Ca- 
pacity can be varied to meet individual 
requirements, and power-driven pump 
lines can be attached at two plugged 
openings. The 3 in. N.P.T. ports 
and handle can be modified to suit 
individual needs. 


| 
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Differential Gage 
Kollsman Instrument Div., Square 


D Co., 80-08 45th Ave., Elmhurst, 
N.Y. 


High sensitivity and wide range of in- 
dication are combined in this differen- 
tial pressure gage. Particularly ap- 
plicable to laboratory and flight test- 
ing of jet turbine engines, instrument 
has range of from 0 to 300 in. of 
water and working pressures not ex- 
ceeding 60 psi. Scale can be read ac- 
curately to within 1/10 in. of water 
throughout entire range. Gage is cali- 
brated so that large pointer makes one 
revolution for each 10 in. of water 
and small pointer indicates number 
of revolutions of large pointer. 


Wire Terminals 


Aircraft Marine Products, Inc. 1585 
N. 4th Street, Harrisburg, Pa. 
Shur-Plug terminal for size 16-14 wire 
permit easy installation or replacement 
of connections on leads in electrical 
appliances, automotive equipment, per- 
sonal aircraft and machinery circuits. 
Solderless application is accomplished 
by crimping with special hand tool, 
or by foot or power press. Connection 
has high electrical conductivity and 
corrosion resistance. Terminals are for 
stranded wire and designed to make 
perfect plug-in connections with stand- 

ard female fittings. 
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Hydraulic Coupling 
CraneVeyor Corp., 1240 S. Boyle 
Ave., Los Angeles, Calif. 

Fluidrive is a completely self-con- 
tained hydraulic coupling with simple 
impeller element and runner unit 
mounted on integrally-fitted ball bear- 
ings. Straight radial vanes make pos- 
sible operation in either direction with 
equal efficiency. Low inertia of im- 
peller and runner facilities quick stops 
and reversing duty. Unit is statically 
and dynamically balanced, requires a 
minimum of mounting space and is 
simple to install. Housing is made of 
precision-molded aluminum alloy cast- 
ings, with all mating surfaces accu- 
rately machined. Couplings are avail- 
able in two sizes: 8.5 in. dia with 
capacity up to 5 hp and 9.5 in. dia 
with capacity up to 73 horsepower. 





Snap Switch Operators 
Square D Co., Industrial Controller 
Div. 4041 N. Richards St. Milwau- 
kee 12, Ws. 
Three types of operator provide in- 
creased utility for the snap action 
switches to which they are attached. 
Plunger type, top left, containing an 
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overtravel spring under the button is 
for panel mounting. Adjustment in 
relation to the distance from the actu- 
ating cam is made through positioning 
of the two nuts. Roller-leaf unit, 
upper right, carries a nonmetallic roller 
on the beryllium copper arm. Mouant- 
ing screws go through the spun rivets 
in the case extensions. Door-type 
switch is designed to function as an 
electrical interlock on cabinets and 
related installations. Contacts in the 
switch body are rated at 600v pilot 
duty, a-c or d-c power supply. 





Gas Temperature Indicator 


Fairchild Camera and Instrument 

Corp., 88-06 Van Wyck Blvd. Ja- 

maica 1, N. Y. 
Temperature up to 5,000 F can be 
measured with the Unit 263 laboratory 
gas temperature indicator. Insertion of 
a probe into the gas stream and opera- 
tion of a single control valve on the in- 
strument case are the only operations 
required. Accuracies of one percent up 
to 2,000 F and two percent in the 
2,000 to 5,000 F range are guaranteed. 
The basic pneumatic gas temperature 
system used is a form of gas thermom- 
eter and utilizes the density of the gas 
being measured as a direct indication 
of temperature. Probes of suital le 
metals are furnished for temperatures 
to 2,300 F; water-cooled probes with 
iridium orifices are furnished for tem- 
peratures to 5,000 F. Probe diameter, 
length and shape are made to customer 
specifications. Indicator is especially 
suited for use with gas turbines, turbo 
jets, ram jets, rockets and general 
industrial laboratory use. 
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Heres How gi yton HEAD Ofeus “/he Door 
To Simplified Field Senice 


PERFORMANCE ON THE JOB measures the value of your product to the user... 
it also measures your reputation and your sales volume of the future. 


Hence, these two keys to simplified field service... provided only 
by CLUTCH HEAD .. . are vitally important to the quality and 
continuity of your job’s performance. 


KEY NO. 1 is the logical basic design of the CLUTCH HEAD recess for operation with a 
common screwdriver. Note that any flat blade will do and that it need only be 
reasonably accurate in width... that the roominess of the recess makes thickness 
of the blade a secondary consideration. 


KEY NO. 2 is the Type “A” Hand Driver .. . the same rugged bit used for power driving on 
high speed assembly lines. This tool gives service men the benefit of the CLUTCH 
HEAD Lock-On, the reverse withdrawal action securely locking the screw to the 
end of the bit . . . holding it undamaged and saved for re-use. The same Lock-On 
feature operates in replacing the screws, permitting of easy one-handed reaching 
and frequently saving disassembling of surrounding units. 


Likewise, in assembly power driving, CLUTCH 
HEAD Screws offer advantages unmatched by 
any other screw on the market . . . Center Pivot 
entry for automatic straight driving to avoid 
burred or chewed-up heads; the safety of non- 
tapered engagement to eliminate fatiguing end 
pressure and skid hazard; easier, faster driving for 
production increases ranging from 15% to 50%; 


UNITED SCREW AND BOLT CORPORATION 


the Lock-On to oust “fumbling fingers”; tool 
economy of a rugged bit that has driven up to 
214,000 screws non-stop and that may be repeat- 
edly reconditioned on the spot in 60 seconds. 
Check these exclusive features of America’s Most 
Modern Screw by sending for screw assortment, 
sample Type “A” Bit, and illustrated Brochure. 





CLEVELAND 2 CHICAGO 8 NEW YORK 7 
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Silicones Mean Stability 





Silicone damping of gauge at right eliminates 
familiar fluttering of pointer shown in un- 
treated automobile instrument at left. 


Design frequently involves a compromise 
simplicity of construction and the 
properties of available materials. New 
materials are interesting because they gener- 
ally enable engineers to find more 
and therefore more efficient solutions to 
design problems. Damping is one of the 
problems that has been complicated by a lack 
of stability in fluids. 


between 


simple 


The instrument division of a large automotive 
parts manufacturer was not satisfied with the 
use of inertia wheels, air vanes, or magnetic 
damping to eliminate the fluttering of instru- 
ment pointers. Liquid damping had been con- 
sidered, but all ordinary light oils or greases 
thinned excessively when hot or thickened and 
became useless when cold. More than two 
years ago, however, their engineers started 
testing some of our high viscosity silicone fluids. 


Extensive road testing has proved that a 
fraction of a drop of our silicone fluid on the 
bearings performs better and is more econom- 
ical than any of the more complicated mechani- 
cal damping devices. In tests conducted by 
aircraft manufacturers where operating condi- 
tions for instruments are even more severe, 
silicone fluid damping was found to be the only 
entirely successful method. Test performance 
was so completely satisfactory that the instru- 
ment division is now using our DC 200 Silicone 
Fluid to damp electrical instruments, speedom- 
eters, tachometers and gauges. 


Among other unique and useful properties are 
a high degree of stability, a relatively con- 
stant viscosity over a very wide temperature 
range, and good lubricity between certain 
metal combinations. Our fluids are available in 
viscosities ranging from 0.65 to more than 
250,000 centistokes. For more information 
phone our nearest branch office or write for 
catalog No. H 1-16 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
New York « Chicago « Cleveland « Los Angeles 
Dallas « Atlanta 
In Canada: Fiberglas Canada, Lid., Toronto 
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Materials Handbook 


GEORGE S. Brapy, materials consult- 
ant. Sixth Edition, 831 pages, 53 x 8} 
in. Published by McGraw-Hill Book 
Co., Inc., 330 W. 42nd St., New York 
LS. N.Y. $7. 


This handbook presents character- 
istics of many chemicals, combinations, 
alloys and raw materials. The author 
has not attempted to give an exhaus- 
tive discussion of each material, but 
indicates its general class and its lim- 
itations. Designers, buyers and execu- 
tives who need specific information on 
materials can get an idea of the class 
from this handbook, and actual specifi- 
cations from material suppliers. 

The materials appear in alphabetical 
order under the name by which they 
are most commonly called. Other 
names are included for the material, 
and the index is set up to show all 
common names of all the 
mentioned. 


materials 


Each material is described as to its 
general physical properties and char- 
acteristics. This is followed by a dis- 
cussion of the quantity of material 
available, where it is obtained, and 
how it is produced. 

Each of the almost 1,000 materials 
is mentioned as part of a class of ma- 
terials and is compared with other 
members of that group. In doing this, 
the author brings in many uses for the 
materials mentioned. 

The last 58 pages of this handbook 
are devoted to tables of physical con- 
stants frequently needed for reference. 
Also included is basic economic data 
of interest to those dealing in different 
materials. 


Waterbury’s Handbook of 
Engineering 


Fourth edition. Revised by: H. W. 
ReEpDpICK, W. M. LANSFoRD, C. O. 
Mackey, H. H. HiGBieE avd H. S. 
BULL. 386 pages, 3 x 54 in. Pub- 
lished by John Wiley & Sons, Inc., 
140 Fourth Ave., New York 16, N. Y. 
$2.50. 

Completely revised edition of the 
original handbook by L. A. Waterbury, 
this book contains sections on many 
branches of mathematics and the engi- 
neering sciences. At the end of the 
volume are grouped many of the ta- 
bles needed in ordinary engineering 
problems. 

Thumb-indexed sections include: 
Algebra, Trigonometry, Mensuration, 
Analytical Geometry, Differential Cal- 
culus, Integral Calculus, Theoretical 








Design CORRECTLY 
in DAYS... 


Instead of MONTHS 


with STRESSCOAT 





Stresscoat indications, clearly visible 
after load is removed, show distribu- 


tion and values of stress in this casting 


It's no longer necessary for you to 
test design pieces over a period of 
months under operating conditions 
to determine weak points in design. 
You can make design corrections 
for maximum strength and lower 
manufacturing costs in a few days, 
even in hours, when you call in an 
experienced Stresscoat engineer. 


His evaluation of Stresscoat 
brittle coating patterns quickly 
gives you an accurate overall pic- 
ture of stress distribution and value. 
Stresscoat is the only method of 
stress analysis which will give 
you this information in one test, 
regardless of shape. 


Stresscoat specialists will visit 
you for consulting stress analyses 
wherever your plant may be 


located. Write to your nearest 
Magnaflux Office for details of this 
field service. 





Stresscoat St-103 Outfit 


If you often work with new designs, 
this complete Stresscoat outfit will 
save you money in your stress de- 
terminations. It contains calibrat- 
ing equipment, spraying units, and 
a generous selection of coatings. 

A specialist in Stresscoat analy- 
sis from Magnaflux will work with 
your engineers in training them to 
properly use this outfit. The unit, 
and instruction, is yours in a ‘‘pack- 
age’’ at $985.00, F.O.B. Chicago. 

Reg U.S. Pot. Office 


MAGNAFLUX 
CORPORATION 


Specialists in 
Product Inspection 
5928 Northwest Highway 
Chicago 31, Illinois 
New York + Cleveland + Detroit 
Dalias + Los Angeles 


cenrpenatien 
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TUBING 

e. 

of Typical of the many diversified applications for Republic 

" ELECTRUNITE Tubing is this modern ‘‘Aerotype” shock absorber 

| used on many leading passenger cars, trucks and buses. Tubular 

e parts include an immer working tube which houses a piston and oil 

e supply, an intermediate tube containing the oil reservoir, and an 

cn outer dust tube which protects the inner mechanism. 
Just as this shock absorber smooths out the rough spots in the high- 
way, so can ELECTRUNITE Tubing smooth out the rough spots in } 
your own fabricating picture. As produced by Republic’s improved 
process of electric resistance welding, ELECTRUNITE Tubing is 
uniform in diameter, wall thickness and roundness—throughout ; 
every length and every shipment. Uniformly high ductility makes ; 
this modern tubing easy to fabricate, and its smooth, clean surfaces 
take any plated or painted finish readily and economically. 
Complete information, including a list of available sizes, gauges 

1s, and analyses—in both carbon and stainless steel—is available upon 

ill request. Write today to: 

le- z 

at- 

nd REPUBLIC STEEL CORPORATION 

eS STEEL AND TUBES DIVISION e¢ CLEVELAND 8, OHIO 

i Export Department: Chrysler Building, New York 17, New York 

to 

it, 

>k- 

jo. 

C 

|ON ; 

ny ELECTRUNITE TUBING 

— Photo courtesy of : 

—— The Gabriel Company ' 
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WHAT COULD YOU DO 
WITH THESE NICKELOID METALS? 


Above: Nickeloid 


Crimped metal in the 

















Remember, Nickeloid Metals can be stamped, formed, drawn 
without harming their mirror-like finishes. Available in 
sheets, coils . . . wide range of sizes, gauges, and tempers. 


Years of Pre - plated Metal Leadershifa 





Estallished 1595 


a 
— 
a 
~ 
Ss 
NICKEL CHROMIUM BRASS - COPPER~ ZINC x 
& 


Electra - plated TO MLL COMMON Zase METALS 


ALSO LACQUERED COLORS »S 
% S) 


oy SHEETS AND COILS 9 


Mechanics, Mechanics of Materials. 
Mechanics of Fluids, Heat Engin 
ing, Electrical Engineering, Illumina 
tion Engineering, and Radio and | 
tronics Formulas. 

This handbook is a ready referen 
and refresher for the basic engineerin 
principles. 


Standard Welding Symbols 


Published by the American Weld: 
Society, 33 W. 39th St., New York 18 
N. Y. 69 pages, 52x 9 in. $50. (a 

counts to Society members) 


Developed by the Committee 
Symbols of the American Welding 
ciety, this booklet gives standard 
ing symbols and rules for their 
Basic symbols are illustrated in sectio: 
I. The following sections deal wit! 
basic types of joints and welds and ger 
eral provisions for using symbol: 
Types of welds allocated to separat 
sections are: fillet, groove, head, plug 
slot, seam, projection and flash an 
upset welds. The booklet is profusel 
illustrated with line drawings to illus 
trate the symbols and their application 
to the specific welding process desired 
A spread page summary of the standar 
welding symbols is included in the 
appendix. A valuable reference for 
designers, draftsmen, and manufactur 
ing personnel who specify or use weld 
ing processes. 


— 4 - 


Precision Workshop Methods 


H. J. Davies, Lecturer in Mechanica 
Engineering, The University of Shej 
field. Second edition revised. 324 
pages, 5% x 84 in. Published by Ed: 
ward Arnold and Co., London, Eng. 
land. $5. 


A well written comprehensive de 
scription of the methods used for ma 
chining precise work. The test was 
compiled from notes used in teaching 
a course in machine shop work for en 
gineering students and thus has a de 
signers point of view. The introduc: 
tory chapter discusses in detail the neec 
for precision machining and how cer 
tain machine details affect the quality 
of the finished product. Specification 
of limits and their relationship t 
manufacturing work is described. Ir 
the following chapter limit system: 
are discussed. Other chapters de 
scribe: Machinability, setting out, fx 
ture types, location of work, methods 
of making fixtures and location 
work. Machining methods, indexing 
screw threads, special shapes, gea 
tooth measurement, lapping and grind 
ing, gaging, machines and machine 
attachments are other chapter headings 
An additional chapter on surface fin 
ishing has been included in this secon¢ 
edition. Profusely illustrated wit! 
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gue REDUCERS 
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para A complete line of De Laval vertical 
a on speed reducers, in both single and 
_ double reductions, is available for 
) 1ilus rae - ? 
cation driving agitators, mixers, and many 
sors other types of vertical shaft equip- 
in the ment. 
ice for 
— If vertical drives are your problem, 
> we 

consult De Laval. 
7 ! ‘ . , 
| >< This single reduction De Laval RZ 

hanical E 7 7\s 
F Shel Worm Gear Reducer is available 
324 th Raia d ONE OF 93 
by Ed with many standard gear ratios 
, Eng. and is but one of the 93 sizes of 
- standard De Laval Worm Gear 
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seins Speed Reducers. 
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: Atlanta * Boston * Charlotte * Chicago * Cleveland 
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ad. In Kansas City * Los Angeles * New Orleans * New York coe, ’ 
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. pA Worm Gear Division, De Laval Steam Turbine Company, Trenton 2, New Jersey 
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1 with TURBINES + HELICAL GEARS - WORM GEAR SPEED REDUCERS - CENTRIFUGAL PUMPS - CENTRIFUGAL BLOWERS AND COMPRESSORS - IMO OIL PUMPS 
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The Life 


of Your Produc t 


Hangs by all READ 



















The screws, bolts, nuts 
or other threaded fast- 
enings used in the 
assemblies of your 
product are determin- 
ing factors in the length 
of its consumer service. 


HOLTITE 
Fastenings 


REG.U.S. PAT.OF F, 


are precision-made of the finest materials to 
insure speedy application and enduring 
service. Accurate and rugged they effect 
production economics by reducing driving 
time, waste and spoilage. But most im- 
pertant, in the assemblies of your product 
their precise, uniform thread form and struct- 
ural’ strength defy the loosening effects of 
vibration to assure long, trouble-free serv- 
ice. Specify HOLTITE for your next fasten- 
ing requirements. 





New Bedford 
e Mass. UNE 


line drawings, the text includes an 
appendix giving information for cal. 
culating measurement of effective di- 
ameter of V-threads and a brief de. 
scription of the British standard 
system of limits and fits for engineer. 
ing. Seven pages of selected refer. 
ences and an alphabetical index are 
included. This book will be a valu. 
able reference for design engineers, 
instructors and plant personnel. 


The Plating of Zinc Alloy 
Die-Castings 

Zinc Alloy Die Casters Association 132 
mages; S x 7$ m. Published by Zin 
Alloy Die Casters Association, Lincoln 
House, Turl St., Oxford, England. 
Seven and six pence. 


Assembled asa symposium covering 
modern methods of electroplating zin 
alloy die-castings, this authoritative 
book serves as a guide for the expert 
plater, die caster and consumer. The 
semi-technical text provides the an. 
swers to most of the plating problems 
commonly met in this field. Refer- 


ences noted in the text are listed in a 


121-item bibliography. Chapter | 
deals with the production of castings 
for plating. Discussions on desiga 
surface finish, inspection, polishing 
cleaning and acid dipping are the 
main topics. 

Plating operations are described in 
Chapter II. Process is traced- from the 
primary deposition of copper or nickel, 
through the nickel on copper, chro- 
mium on nickel, chromium and en- 
amel, or black nickel plating stages t 
barrel plating with copper and nickel. 

Chapter III is devoted to the main- 
tenance of plating baths. Chemical 
analyses, determination and control of 
pH, determination of surface tension. 
and contamination and purification of 
plating solutions are the subject heads 
Determination of coating thicknesses, 
tests for electrodeposit adhesion and 
specifications for deposit thicknesses 
are discussed in Chapter IV. 

After a short chapter on stripping 
plated coatings, there is a detailed 
flow sheet that lists typical procedures. 


Steel Plates and Their Fabrication 


408 pages, 63 x 93 in. Published by 
Lukens Steel Co. and subsidiaries, By- 
Products Steel Corp. and Lukenweld 
Inc., 323 Lukens Bldg., Coatesvilt 
Pa: $5. 


This book contains more than the 
title implies to the casual reader—tt 
is a comprehensive reference on rolled 
steel products with much data on theif 
fabrication and application. The de- 
signer who deals with plates, shells. 
weldments, clad steels, spun and 
pressed heads, pressure vessels and 
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When deciding on a material for the gasket 
of their famous pressure cooker, the 
Ekco Products Company chose a 
Perbunan composition because it: 


Does not sweli, soften or lose its shape 


te 
When "the 
4 ’ 7 
eat Ss on ee under pressure at 250° F. even when 
Zz. exposed to most vegetable and animal 
fats and oils. 
pressure, too, 


Does not harden or become brittle in 
_ Z 
this & ? 
Peer Tate 


gasket can 
take it! 





use or when exposed to air. 


Has no taste or odor, even when boiled 


3 in water for long periods of time; not 
° 


harmed by washing in hot, soapy water. 





Has good physical properties such as: 


a” high tear resistance, (b) good 
@ 


tensile strength, (c) good elongation. 


5 Materially reduced the manufacturing 
ecost of the Ekco Pressure Cooker. 
sa, EX e Oo 











The Biggest Name 
in Housewares 


Other manufacturers are finding new uses for versatile Perbunan 
every day. They like its toughness and the way it stands up 
under severe heat, cold and a wide variety of oils, acids, and 





greases ...and they like its ready adaptability to the many 
complex molded shapes of resilient engineering materials. 


NEW FEATURE: Perbunan’s new stabilizer permits the use of g> E EH EE | N :\ , 
~~ - = A % 


awide variety of delicate shades that retain their original color. 


~4 


Maybe there’s a place in your business where the use of 
Versatile Perbunan in a plastics or rubber part may save you 
plenty ...both in initial cost and replacements. We will be 
glad to give you all the information you need. 


THE RUBBER THAT RESISTS AIR, 


ENJAY COMPANY, INC., 15 West 51st Street, New York 19, N.Y. WATER. HEAT. COLD AND TIME 
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VAN Bias 8 


ou’ve often remarked that 
no piece of equipment can be 
superior to its component parts... 
You appreciate the broad rec- 
ognition and acceptance of BCA 
Ball Bearings in industry... 
You know you can tell your 
engineers to draw upon our half- 
century of experience in friction 
control practices, encompassing 
many varied fields of industry .. . 
You, who insist upon continu- 
ous, full-capacity, trouble-free op- 
eration, know this can be assured 
by specifying BCA Ball Bearings. 





BEARINGS COMPANY OF AMERICA 
LANCASTER, PENNSYLVANIA 
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tanks will find this volume to be a 
practical source of up-to-date design 
information. 

Steel making procedure is briefly 
discussed, then on page 31, Chapter V 
describes ‘Carbon and Low Alloy 
Steels”, their mechanical properties, 
methods of working, heat-treatment, 
classifications, effect of alloying ele- 
ments, and steels for special purposes, 
From here to the end, the book is 
packed with useful data. Chapter VI 
covers “Effect of Plate Widths on 
Fabrication Costs’. Chapter VII has 
the theoretical analysis and the ASME 
code data on the “Strength of Flat 
Plates and Shells.” Forming is de- 
scribed as an introductory chapter to a 
vast amount of data on flared, flanged, 
dished, reverse-dished, shallow-dished, 
conical dished and hemispherical 
heads. 

Flame cutting, welding, riveting are 
each analyzed. The treatment of clad 
metals, and fabrication of assemblies 
from plate components are described 
in the last two chapters. Ninety-six 
pages of general engineering data— 
mathematical tables, trigonometric ta- 
bles, weights and measures, conver- 
sion tables on pressure, velocity, mass, 
energy, power, heat, density, thermal 
conductivity, specific gravity, and tem- 
perature, mathematical formulas, prop- 
erties of sections, thread data, and 
other topics conclude the material. 


Industries Answeright 


CHARLES Z. SMITH, SR., President and 
Chief Engineer, Genaflash Co. First 
edition, 440 pages, 84 x 11 in. Pub- 
lished by the Genaflash Co., 105 
Grove Ave., Albany 3, N. Y. $6. 


In this book are compiled a large 
selection of the short-cut methods and 
computation aids engineers, designers, 
mechanics and tool designers usually 
figure out for individual problems 
The methods are shown as _ practical 
numerical problems, with pictorial rep- 
resentation where possible, and correct 
solutions, with a minimum of explan- 
ation. Derivations of some formulas 
are shown where fuller explanation 
is necessary. 

Solution of oblique triangles using 
laws of sine, cosine and tangent are 
shown in addition to right triangle 
problems. Comprehensive outlines 
are arranged for systematically deter- 
mining dimensions for standard and 
special thread gages. Also dimensions 
for several thousand plug and ring 
thread gages are set up in tables. 

One chapter explains compound 
angle problems as they apply to flat 
and circular form tools. Another 1n- 
troduces a system for correctly placing 
the decimal point in slide rule multt- 
plication and division. . 

Tables are included for converting 
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AVE wherever you can 





























These inexpensive, efficient artificial shoulders 
save metal and money on Wisconsin air cooled 
heavy duty engines. 


And in addition to saving money and metal, 
retaining rings save many costly hours in as- 
sembly time. Instead of the former wasteful 
practice of cutting down large shafts, you can 
redesign to groove smaller shafts and use these 
high grade steel rings. In your housings, too, 
tings will save money and improve your prod- 








ucts, your machines and your profits. 

Every product—metal, wooden or plastic—and 
every machine should be examined now to see 
where shoulders and collars can be redesigned 
to effect great savings by the use of steel retain- 
ing rings. 

Let us show you how they can do an efficient 
job for you on your shafts or in your housings. 

Write today for booklets on many types of 
National Retaining Rings. 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, N. J. 





MILWAUKEE 2, WISCONSIN 

















Precision Gears Made to Your 
Exacting Specifications 
When Sewall craftsmen go to work on 
your specifications, you are employing 
the extensive facilities of an experi- 
enced organization. Our engineers can 
oe give you valuable assistance in estab- 
lishing the one best design —then in turn- 
ing out uniform production runs. I]lus- 
trated are examples of a Sewall bevel 
gear and pinion . . . worm and worm 
gear ... helical gear and pinion... 
Zerol bevel gear and pinion. Send blue- 
prints or samples for prompt estimates 

on any quantity. 


RACKS + SPROCKETS + SPUR «+ SPIRAL + 
P= BEVEL - ZEROL BEVEL - WORM GEARS 





i, 
= 
SS 
e* E. 8. SEWALL MANUFACTURING CO. 





696 Glendale St. St. Paul 4, Minnesota. 














Solve Your Design, Fabrication 
and Delivery Problems by 











METAL SPINNING 
“TEINER” offers Time and Money Savings 


Metal spinning the “‘Teiner’” way will enable you to simplify designs and 
speed up production. In small runs you can save the cost of expensive 
dies and castings. 


“TEINER” is well qualified to be of assistance to you. As specialists in 
metal spinning for over fifty years, we are in position to offer valuable 
help in both design and production so that full advantage can be taken of 
the great savings possible through spinning, as well as the greater 
strength and finer quality of the parts produced. We are also equipped 
to fabricate commercial flange and disc heads. 


An unusual and important part of “TEINER” service is the spinning of 
stainless steel. Here again, spinning eliminates the need for expensive 
castings and machining. It will be to your advantage to submit drawings 
or samples of your parts for a cost estimate of producing your require- 
ments by spinning. Your inquiries are solicited. 


Other ““TEINER” Services 


Stamping .... Fabricating .... Assembling .... Soldering .... Silver 

Brazing .... Lacquering .... Welding. .etc. TEINER assures expert work in 

all metals and in any quantities exactly to specifications. Our engineers 
are ready to cooperate with you on your needs. 








ROLAND TEINER COMPANY 


TEL. EVERETT 2669 
130 TREMONT ST. EVERETT 99, MASS. 








hundredths of a millimeter to inches, | 
hundredths of an inch to millimeters | 
and decimal parts of a degree directly 
into minutes and seconds. Natural 
trigonometric functions are shown cor. 
rect to eight decimal places for each 
minute of every degree. 

This book, reproduced by photo 
offset, can be used as a source for ac. 
curate simple calculation methods, 
reference for shop men and as a cor 
putation refresher. : 


<<. 
Industrial Health Engineering 
ALLEN D. BranoptT, B.S., M.S., Sc.D ~~ 
Industrial Hygiene Engineer, Bet mi 
lehem Steel Co. 395 pages, 6x 9 in ei 
Published by John Wiley & Sons, In -. 
440 Fourth Ave., Neu York 16. IN. ¥ —! 
$o. 


Written by a well-known authority 
this is the first complete handbook that 
presents information on industrial at 
mospheric contaminants and their con V 
trol. It makes available to plant engi 
neers and to consulting engineering 
firms a condensed and practical sum 
mary of the data needed to determing 
what control measures should be taker 
and how control equipment should | 
designed so that when installed it wil 
do a satisfactory job. — 

Specific consideration is given to © 
cessive concentrations of dusts, fu nes 
mists, gases and vapors; to high, lov 
and rapidly changing temperatures, t 
high humidity, harmful amounts o! 
radiant energy such as infra-red, ultra 
violet and roentgen; and to noise, in 
adequate ttlumination and unsanitar 
conditions. 

Generous use is made of charts, 7 
tables and a complete technical appen 


dix thus permitting practical applic 
tion of the chemical, industrial an 
mechanical engineering principles 
volved. 





Diary and Sundry Observations 
Of Thomas A. Edison 


Edited by DAGOBERT D. RUNESs. 247 
pages 53 x 83 in. Published by Phil 
rophical Library, Inc., 15 E. 40th § 
New York 16, N. Y. $4.75. 


Presented for the first time in boo 
form are fragmentary notes and o 
servations from Thomas Edison’s dia! 
and speeches. The diary exe erp SI 
fect not only the young mind of th 
potential inventive genius but | 
present many interesting — histor! 
facts. 





The sundry observations that « 


the last two-hundred pages contin 
the dual character of thought and fac 
Often a short autobiographical s¢ 
tion, seven chapters take up speci! 
concepts which have a close bearing 
on the influence of Edison’s primary 1 
ventions—the incandescent lamp. ph 
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What helps start and stop the fast-moving Is it true that adhesives can replace screws, nails, 
‘scooter set’’? bolts, lacings, rivets? 
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It’s packed full of interesting case Send for your free copy today... it 
histories — actual examples of how 3M = =may suggest ways YOU can lessen your 
Adhesives have streamlined production, costs, increase your output, improve your 
cut assembly costs, produced better- product. 
looking, more durable products. 
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WRITE FOR THE FLEXIBLE SHAFT HANDBOOK 


paul 


F i if 
SAL ETEEE porapeunnel 


PPOa sada igcadddiididil 


INCREASE THE UTILITY OF 
POWER TOOLS 


Here are Two Examples— 





1. (Right) The flexible shaft drive 
on this circular saw permits 
the blade to be quickly set 
four ways, thus increasing 
the saw’s adaptability to 
many different cutting jobs. 





Product of Flexsaw Mfg. Co. 
Port Austin, Mich. 








a. (Left) Flexible shafts give this drill 
press time-saving, production-boost- 
ing versatility by making possible 
quick regrouping of the spindles to 
meet a wide range of drilling re- 
quirements. 


Product of General Gas Light Co. 
Kalamazoo, Mich. 


It has 260 pages of facts and technical data about flex- 
ible shafts and how to select and apply them. A copy 
sent free if you write for it on your business letterhead 
and mention your position. 


5 S.WHIT E, NDUS TRIAL DIVISION 
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DEPT. D 10 BAST 40th ST., NEW YORK 16, N. Y.—- 
ASRIGLE SHAFTS + PLEXIGLE SHAFT TOCKS 8+ =6AleCRarT ACCEssonts 
SMALL CUTTING AND GRINDING TOOLS + SPECIAL FORMULA aussens 
MCLESD REWSTORS + PLASTIC SPECIALTIES © CONTRACT PLASTICS mOLOINS 


Ouse of Americas AAAA Tnduatriak Enterforises 





nograph and motion pictures. Chapter 
heads are: Motion Pictures and the 
Arts, War and Peace, Education and 
Work, the Philosophy of Paine, Mar 
and Machine, For a Better World 
and The Realms Beyond. Edison’ 
complete philosophy is made quit 
evident and his predictions of world. 
wide trends are made the more remark 
able by the evolution of events that 
have already transpired in the fey 
years since Edison’s time. 


Radiant Heating 
RICHARD W. SHOEMAKER, Consulting 
Engineer on Radiant Heating ang 
Hydro-Electric Problems, Oakland 
Cal. 306 pages, 64 x 93 mn. Publishes 
by McGraw-Hill Book Co., Inc., 3 
W. 42nd St., New York 18, N. Y 


Radiant heating is explained anc 
data is included, not only for the 
prospective home-builder, but for the 
architect, contractor, and engineer 
Sufficient information is included s 
that those experienced in conventiona 
heating systems can design a radiant 
heating system adequate for the aver 
age one-or two-story building. Chap 
ters III and IV cover panel locatior 


> 


Sf 


t 





in the commercial building and the 
residence. The heating plant, the con- 
trol system, and the design of radiant 
heating systems from an_ empirical 
viewpoint are then described. A pre- 
cise method of design, based on the 
most advanced theories of radiant heat, 
is covered in Chapter X. Radiant 
cooling is also described. 


Practical Job Evaluation 

PHitip W. JONES, Director of Indus- 
trial Relations, Hilton Hotels Corp. 
304 pages, 53 x 84 in. Published by 
John Wiley & Sons, Inc., 440 Fourth 
Ave., New York 16, N.Y. $4. 


The title fairly describes this excel- 
lent book. Emphasis is on the design, 
installation and salesmanship proce- 
dures required to determine the wages 
of employees in industry and business 

Selection of job characteristics, their 
weighting, makeup of manuals and 
questionnaires introduces the reader 
to the subject. The chapters on the 
Selection and Evaluation of Key-List 
Jobs, the Evaluation Process, and Em 
ployee Classification tell how to appl} 
the knowledge gained from the ques 
tionaires. Development of the Wage 


Structure and the writing of a Jol 
Evaluation manual conclude the appli- 
cation of the knowledge. The author 
is careful to emphasize the importance 
of the way in which job evaluation 1s 


introduced to the workers, the union, 
the foreman, and even management 
Much practical advice is included in 
the next to last chapter, “Selling the 
Idea of Job Evaluation.”’ 
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ENGINEERING Because notes or additions made in pen, ink, 
pencil, or crayon are always visible on the light background 
of Bruning BW Prints, engineering departments find them 
especially usable. What's more, the BW process makes it pos- 
sible to change or alter designs quickly and easily—without 
changing your original tracings! 





PRODUCTION Bruning BW Prints are easy to read—help 
your workmen avoid costly mistakes in reading drawings. 
BW Prints are not bleached by cutter coolants which bleach 
blue prints white. And even when soiled from shop use, a 
BW Print is still clear and legible. 


Wherever You Need Duplicates, 
You Need Bruning BW Prints! 


BRUNING 


CHARLES BRUNING COMPANY, INC. 
Since 1897 


NEW YORK * CHICAGO «+ LOS ANGELES «+ And 12 Other Cities 


Draft 1g Machines + Industrial Drawing Sets + Slide Rules « Erasing 


Machines + Refillable Draftsman’s Pencils and many other products 


Propucr ENGINEERING — JuLy, 1948 





BRUNING BW Prints 
Speed the Work! 


e Yes, it’s all so simple and quick with the Bruning BW 
Process. You can make exact, positive duplicates of engi- 
neering drawings... specifications... ¢@harts. . . office 
forms, etc. BW Prints can be produced in seconds on the 
large, medium or small volume BW machines available— 
right in your office or department. Even an inexperienced 
girl can become an efficient operator within a short time. 

Remember, copies or duplicates are made directly from 
material drawn, printed, typed or written on translucent 
or transparent material—no negative is needed. And, for 
various uses throughout the plant there are many kinds 
of Bruning BW Prints—including black or colored 


lines on white or tinted backgrounds, cloth prints and 


film prints. Get full information about Bruning BW Prints 
— Mail the coupon! 





OFFICE When confidential letters, sales letters, inquiries, 
orders, records, freight bills, parts lists, etc., are on translu- 
cent instead of opaque paper, duplicate copies can be pro- 
duced in seconds at any time with Bruning BW Prints. The 
Bruning BW process can save hundreds of hours of typing. 


CHARLES BRUNING COMPANY, INC. 
4736-74 Montrose Avenue 
Chicago 41, Illinois 


Gentlemen: I want to know more about Bruning BW Prints 


and equipment. Please send me information 


Name 
Company 


Street 


City State 
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Gentlemen! 
Before you say “Go” 





on that new product -- 


— give sober thought to the springs. They 
can make or break your product. If they 
fail, the product fails . . . always in the 
user’s hands! 


Our engineers have fitted the spring to 
the need for many years. Before ap- 
proving your product, take just a little 
more time and let us help with the springs. 
We will check your specifications against 
your blue prints without obligation, and 
in confidence. If our experience indicates 





they are all right, we will say so. If they 
can be improved, we will also say so. 
In all events, we will be prompt. 
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PECK 


SPRINGS & SCREW MACHINE PRODUCTS 


THE PECK SPRING COMPANY 
33 SUMMIT ST. PLAINVILLE, CONN. 
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OUR 
READERS 
SAY 





Editor's Note: The following are 
few of the comments received in fr: 
sponse to the special inserts that wer 
published in the March and April is 
sues of PRopucT ENGINEERING. 


Motor Driven Machines 


To the Editor: 


We find this special insert provide 

a very good summary of basic mot 
types and useful information on th 
application of motors to machine 
Each engineer in this Division woul 
benefit from having a personal cop) 
—C. M. RuHoaprks, }} 

Machinery Div., Industrid 
Engineering Division 

General Electric C 


To the Editor: 


I want to congratulate you on th: 
very fine article in the March issue o! 
PRODUCT ENGINEERING. I have turned 
this over to Mr. Smith who is in 
charge of our Sales Promotion. The 
article is so fine that I would like t 
use it with all our salesmen and pos 
sibly a number of our customers. 

—P. W. ARNOLI 
Motor Applications Engineer 

The Reliance Electric & Engineer 

ing Cc 


To the Editor: 


I have just finished reading you: 
insert “Motor Driven Machines’’ in 
the March issue. Congratulations on 
a masterpiece. 

My only critical comment concern 
the mention of “spiral gears’ on page 
118. Even though such eminent gea' 
experts as Hall and Buckingham sanc 
tion the term, I am “‘agin it” for twé 
or three reasons. The so-called spiral 
gears have helical, not spiral, teeth 
The use of the word “‘spiral’’ to rete: 
to the angularity of the axes is a mis 
nomer. And helical gears on non 
parallel axes are limited to light loads 
Replacing the word “spiral” by ‘hy 
poid” would have been a happy choice 

JESSE HUCKERT, Secre/ar) 
Robinson Laboratory, USI 
Columbus, Obi 


To the Editor: 


Your article “Motor Driven Ma: 
chines” is certainly a job well done. ! 
would like to furnish a copy to ach 
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THROUGH 
AY Pal ~~ 
{ i a 
Z are \ 
d in rq | --.- ON A HUMIDITY 
at wed 7 a CONTROL UNIT 
Pru if}, e 
‘G. m =x Here’s Visioneering applied by designers of a 
~— Humidity Control Unit for bakery proof-rooms. 
—- a Te atomize water through spray head, a Gast 
Rotary Coffipresser, as original equipment, 
" ae supplies “pulseless” aiP™psassure. No tank 
hy. needed. Unit keeps air in room a¥ 98%_hu- 
. ‘ Sead 
ges . midity. Direct drive, % H.P. Rating is 82 ™ 
C moto C.F.M., pressure to 25 Ibs. Compressor has 
on th automatic lubricator with visible oil supply, 
achine; intake filter and cooling fans. 
1 would 
al copy 
DES, Jk > 
id ustria P 4 ) 
vision ~ Pg 
tric C "ai 
N i 
\ 
on thd eee ON A FILTER FOR 
issue of / — EDIBLE FAT 
— |7 yr On a totally different application, air does the 
“Thy ew work on another manufacturer’s Portable Filter. 
lik ‘ ai ~ With pressure to 25 Ibs., a Gast Rotary Com- 
d wee id ‘presser forces fat through filter medium. This 
oe ee reclaims “Votua ble fat for re-use — effecting 
oso Mie _—— big savings. Gast Cempressor and motor are 
| NOLD, integral — only 7” x 12” overal]. Gast’s pack- 
< Penees . aged design also speeds manufactutess final 
ila assembly. Rating: 11% C.F.M. with 4 HP. ~ 
ing Co 
res” in USE GAST 
ons of 
Oncerns 
Nn page : ' , ; 
at os Notice that the two machines described are totally unlike, although both 
n sanc- serve in the processing of food. Yet their designers visioneered them as better 
‘or two products — with Gast Rotary Compressors as original equipment. 
1 spiral Have you a design problem you can solve with AIR? Can you get improved product performance — 
yes reduced bulk — increased safety — or better control — through visioneering? Many designers have — 
o reter , ; ‘ ie : 
. a by specifying Gast Rotary Design Compressors, Vacuum Pumps or Explosion-proof Air Motors as original equipment. 
1 non lf air pressure, vacuum or power can be applied on your products, we'll be glad to co-operate with 
- loads engineering help. For details, write Gast, describing your problem. 
y “hy 
faa * Broad vision plus engineering skill. 
retar) Ma “Aa may be your answer!” 
USU 
hj —7— or OBE sors AIR COMPRESSORS — to 30 Ibs. 
, Oni coMPR puMPS VACUUM PUMPS — to 28 in. 
yuM AIR MOTORS — to 1 H.P. 
vac ee 
1 Ma Y jf Cesnf 
ine OT AR* “"2.”  GAST MANUFACTURING CORP. ee) 
0 each eile f thi 
139 Hinkley Street, Benton Harbor, Michigan IDEA-CATALOG. ? 
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Herible Tare 
COUPLINGS 


Engineered to stand up on 
the toughest jobs, Thomas 
Flexible Couplings do not 
depend on springs, gears, 
rubber or grids to drive. All 
power is transmitted by di- 
rect pull. 


The standard 
line of Thomas 
Couplings meets 
practically all 
requirements. 
But if unusual 
conditions exist 
| we are equipped 
H to engineer and 
build special 
couplings. 









PATENTED 
FLEXIBLE 





THE THOMAS PRINCIPLE 
GUARANTEES PERFECT 
BALANCE UNDER ALL CON- 
DITIONS OF MISALIGNMENT 


Write for New Engineering Catalog 


THOMAS FLEXIBLE 


eel ti Tai ic eek 


WARREN, PENNSYLVANIA 





18? 





of our field engineers. Would you be 
so kind as to send twenty-five reprints. 
—VINCENT K. ALEXANDER, 

Sales Manager, 


Manheim Mfg. and Belting Co. 


Experimental Stress Analysis 


To the Editor: 


My congratulations to you on the | 


publication of your splendid article 
entitled “Organizing for Experimental 
Stress Analysis.” This paper is going 
to be most useful to me, not only in 
connection with my classes here, but 
also to assist in any talks that I may 
have to give to professional groups. 
The article is so good and I have 
received so many requests for reprints, 
that I wonder if I can trouble you for 
a quotation on reprints in the follow- 
ing quantities: 100, 500, 1000, 2000, 
3000 and 5000 copies. 
—W. M. Murray, 
Dept. of Mechanical Engineering, 
Massachusetts Institute of Technology 


To the Editor: 


Sorry to see the credit for Stress- 
coat illustrations go to Ellis Associ- 
ates instead of Magnaflux Corporation. 

Could that slip on credit be recti- 
fied ? —GREER ELLIs, 

Magnaflux Corp. 
Ed.—It sure could. The pictures un- 
der ‘Fillet Stress Study,” p. 119, 
April issue, came from the files of 
the Magnaflux Corporation. 


To the Editor: 


The best compliment I can pay you 
is that I wish I had written something 
like this myself. I have been boiling 
with enthusiasm over your complete 
coverage of the subject, the simplicity, 
brevity, the definite statement of a 
problem and its equally definite solu- 
tion; the clear, schematic diagrams and 
illustrations and the sustained inter- 
est throughout. 

I have been trying to write in News 
Letters and Testing Topics in an effort 
to simplify a complex subject for these 
many years. You ought to get a tre- 
mendous response from this article. It 
is way ahead of your Stresscoat com- 
pilation (PRODUCT ENGINEERING, De- 
cember 1946 Page 122.) 

F. G. TATNALL, 

Sales Engineer, Strain Gage Dept., 

Baldwin Locomotive Works 


To the Editor: 


Congratulations on your latest Ex- 
perimental Stress Analysis presenta- 
tion. We have been hearing about 
this work in progress by you, but I am 
still pleasantly surprised at the full 
coverage and contents you have man- 
aged to get into this presentation. | 
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production--Call upon 
United-Carr. 


Our 


Design Engineers 
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FOR THE AUTOMOTIVE INDUSTRY 


Wire cloth should be “tailor made” to meet a// the various 
special uses of the automotive industry satisfactorily. Whatever 
the requirements— whether weave, mesh or finish of the 
cloth...or the metal, alloy, temper, flexibility, workability or 
diameter of its wire—Reynolds engineers, metallurgists and 
weaving experts can and will design and weave it to your 
specifications! Consult them at no cost or obligation. Send 
today for your copy of Reynolds new thirty-two page catalog. 


REYNOLDS WIRE CO. 


DIXON, ILLINOIS 
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V4 ...CUT TO THE 


PRECISION OF METAL! 





Die-cutting of felt parts is a precision 
job at Booth... often to tolerances 
usually associated only with metal. 
Every order, big or little, is given 
interested and immediate attention. 
You receive only precision-cut felts of 
uniform quality and stamina. We in- 


vite your test of Booth Felt Economy. 


APPLICATION CHART AND 
SAMPLE KIT ... contains swatches 
of S.A.E. felt types, with specifi- 
cation tables. Write for it. (No 
sales follow-up.) 


THE BOOTH FELT COMPANY 


475 19th Street Brooklyn 15, N. Y. 
736 Sherman Street Chicago 5, Ill. 
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PRECISION CUT 






FELT PARTS 
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believe that is the clearest overall ex- 
position of these techniques, including 
our Stresscoat, that has appeared. 
Would you be kind enough to ad- 
vise me what the cost is for these book- 
let reprints? I should like to know the 
cost in lots of 500 and of 1000. 
These reprints should certainly be 
of value in furthering the usefulness 
of Experimental Stress Analysis as the 
powerful tool that it can be. 
FRANKLIN S. CATLIN, 
Technical Coordinator, 
Magnaflux Corp. 


To the Editor: 


We have read your very well done 
article on Experimental Stress Analysis 
in the Aril issue of PRopuctT ENGI- 
NEERING, and wish to compliment 
you on a fine job. 

Quite often people come to this of- 
fice to get some information on stress 
analysis. Many of them are not too 
well posted. It would be very helpful 
to us, if we could show them your 
article and give them a copy of it. 
Would it be possible for us to obtain 
about 30 to 40 reprints? 

J. H. MEtrr, 
Research Engineer, 
Bucyrus-Erie Co. 


To the Editor : 


I was greatly interested in your ex- 
cellent survey on “Experimental Stress 
Analysis’ in the April 1948 PRopuct 
ENGINEERING. 

Each fall I give a graduate course 
entitled “Research Methods’ which is 
taken both by mechanical and civil 
engineering students at Lehigh. It 
would be of great value to the class if 
I could distribute a reprint copy of 
your survey to each member. Fifty 
copies would be enough to last me 
three years by which time your survey 
would probably be repeated. 

BRUCE G. JOHNSTON, 
Director, 

Fritz Engineering Laboratory, 
Lehigh University 


Spring Formula 
To the Editor: 
I would like to call your attention to 
a typographical error in the article 
“Formulas for Spring Redesign” by A. 
Bodenschatz, on page 143 of the April 
PRODUCT ENGINEERING. 
In the first column, just below the 
list of symbols, you have the equation 
G Ds 
~ $V DS 
which should be 
Gd," 
SN Ds 
as per standard texts. The next equa 
tion proves this, since it is correct and 
is derived from the preceding equa- 


K= 
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SHAPED 


“Page for Wire— 
Especially Stainless” 


Remember that the next 
time you are looking for 
r responsible source for 
stainless steel wire. Wire 
has always been the busi- 
ness of PAGE. And ever 
since its earliest devel- 
opment, PAGE has been 
working with stainless. 
Whatever problem 
you may have involving 


wire — 


Ki with POF 


Monessen, Pa., Atlanta, Chicago, Denver, 
Detroit, Los Angeles, New York, Pittsburgh, 
Philadelphia, Portland, San Francisco, 

Bridgeport, Conn. 


_ PAGE STEEL AND WIRE DIVISION 
AMERICAN CHAIN & CABLE 


In Business for Your Safety 


Jury, | +8 
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OWDALLURGY* should be considered 

when you need volume production 
of many small metal parts. Savings 
through reduced labor and machining 
costs often run as high as 50%. Frequently 
the product is improved. 

Stokes Advisory Service is confidential, 
resourceful . . . offers experience gained 
throughout the history of Powdallurgy as 
ascience. Stokes engineers workwith design 
engineers in the planning of punches and 
dies, and the adaptation of equipment to 
insure production of only what is practical, 
economical, and profitable. 

Choice of equipment, if Powdallurgy 
is the proved answer to your problem, is 


finished solid products 
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SPORES 





~ 


made from the complete Stokes line of 
Powder Metal presses. There is no com- 
promise between what you need and what 
Stokes offers, for Stokes makes every type 
of Powdallurgy equipment. 

For detailed information on your Pow- 
dallurgy problems and possibilities write 
F. J. Stokes Machine Co., 5900 Tabor 
Road, Philadelphia 20, Penna. 

Stokes makes Plastic Molding Presses, 
Industrial Tablet Machines, Pharma- 
ceutical equipment, Vacuum Pumps 
and Gages, High Vacuum 
equipment, Water Stills, Vac- 
uum Metal-Coating equip- 
ment, Special Machinery. 


*Stokes’ word for the theory and practice of making 


from metal powders. 
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USE ‘O” RING SEALS 


(The modern packing method ) 
for SIMPLICITY © RELIABILITY © LOW COSTS © SPACE SAVINGS 


Look at the improved design made 
possible by using ““O” Ring Seals in 
this double union vertical check valve 
made by THE OPW CorPoraTION of 
Cincinnati, Ohio—for gasoline, ben- 
zol, fuel oil and other fluids. 

Compression gaskets and a syn- 
thetic rubber valve disc were used in 
the original design shown at the left. 
By using “O” Rings the unions are 
screwed down only finger tight to 
prevent leakage. An “O” Ring is 
stretched over the valve disc to make 
a tight seal under all conditions. 
These changes shortened the valve 1 
inch, eliminated several parts, simpli- 
fied the others, reduced costs and 
weight, and improved the flow char- 
acteristics. 

This is an example of how your 
problem could be solved by using 
“O” Ring designs. For complete En- 
gineering Data write for our “O” 
RING HANDBOOK, 


PLASTIC ond RUBBER 


Ga =Products, Inc. = 
Oakridge Drive, Dayton 7, Ohio 





Telephone: CApitol 7-6990 





MARTIN-HUBBARD CORPORATION 


Engineering Consultants 


Computers — Servomechanisms 
Instrumentation for Nuclear Research 
Applied ultrasonic research and development 


Design and construction of scientific instruments 


to your performance specifications 


Complete engineering of original or unique electrical 


and mechanical devices and machinery 


Technical reports 


11 BEACON STREET 
BOSTON 8, MASSACHUSETTS, U. S. A. 


Cable Address ““MARHUB-Boston”’ 








tion by substituting H/d,, for N in th 
denominator. 

—COuUNT HArRvE 

Mechanical Engineer, 

U. S. Bureau of Reclamation, 

Denver, Colo, 

Ed.—We accede to Mr. Harvey and 

the texts. 


Industrial Design Courses 
To the Editor: 


The correspondence on Industrial 
Design Courses as published in the 
Our Readers Say columns of the March 
Propuct ENGINEERING prompted me 
to acquaint you with the educational 
activities of the American Designers’ 
Institute. 

This organization, the oldest of its 
kind in this country, has a very active 
Committee on Education. This group 
has planned a four year curriculum 
leading to a degree in Industrial De- 
sign and a number of schools are using 
it as a guide. The following schools 
are recommended by the Committee 
for training in this field: 

Brooklyn Technical High School, 

Brooklyn, New York 

California Graduate School, C.LT., 

Pasadena, Calif. 
Carnegie Institute of Technology, 
Pittsburgh, Pa. 
Chicago Art Institute, Chicago, Ill. 
Cooper Union, Cooper Square, New 
York, N. Y. 
High School of Industrial Art, 211 
East 79th St., New York 
Pratt Institute, Brooklyn, New York 
Rhode Island School of Design, 
Providence, R. I. 
Syracuse University, Syracuse, New 
York 
University of Cincinnati, Cincinnati, 
Ohio 
Yale University, New Haven, Conn. 
CHARLES DavIEs, Secretary, 
New York Chapter, 
American Designers’ Institute. 


Ed.—Industry will profit by the work 
of the Institute’s Committee on Edu- 
cation. 


Rotary Pump 
To the Editor: 


We noted with interest the descrip- 
tion of the Sundberg Rotary Pump on 
page 118 of the February PRopUuCcT 
ENGINEERING. Will you please ad- 
vise the address of the Paul Engineer- 
ing Company so that we may secure 
all available information on discharge 
rates, pressures, speeds and price of 
the smallest capacity Sundberg Pump? 

—H. B. Apams, Buzyer, 
Frigidaire Div., General Motors Corp. 
Ed.—Send your inquiries to Paul Engl- 
neering Co., Detroit 12, Mich. 
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